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© N-acylpyrrolldines or N-acyipiperidines having a guanidinyl- or amidlnyl-substituted side chain as 
thrombin inhibitors. 



® Guanidinyl- or amidinyl-substituted heterocyclic thrombin inhibitors are provided which have the structure 



CD 
lA 




wherein n is 0. 1 or 2; 

Ri Is -A-R2. -CO-A-R2 or -SQ2-A-R2; 



to 

^ wherein R^ Is guanidine. amidine or amino, and A is an alley!, alkenyl or alkynyl chain of 2 to 6 carbons; or 

Ri is -(CH2)p-A*-R2* or -(CH2)p-CO-A'R2' wher p is 0, 1 or 2. R^* is amidine and A' is an azacycloaikyi or 
azah teroalkyi ring of 4 to 8 atoms, optionally substituted by alkyl. CO or halo; 
R^ is -(CH2)p-A"-R2". -(CH2)p-CO-A"-R2". or -(CH2)p-SQ2-A"-R=^'. 

^ wherein R^' is guanidin , amidine or aminomethyl, and A" is aryl or cycloalkyi; 
and R3, R*, Rs and R^ are as defined herein. 
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The present invention relates to guanidinylor amidinyl-substituted methylamino heterocyclic com- 
pounds, which are thrombin inhibitors and thus useful in inhibiting formation of thrombi. 

The guanidinyl- or amidinyl-substituted methylamino heterocyclic thrombin inhibitors of the invention 
have the structure I 

5 

1 . 



IS 




including all stereoisomers thereof 
wherein n is 0, 1 or 2; 

is -A-R2. -CO-A-R2 or -SO^-A-R^; wherein R^ is guanidine, amidine or amino, and A is an alkyl. 
alkenyl or alkynyl chain of 2 to 6 carbons; or 
25 W is -(CH2)p-A*-R^' or -(CH2)p-CO-A'R^ where p is 0. 1 or 2. R^' is amidine and A* is an azacycloalkyi, 
azaheteroalkyl or azaheteroalkenyl ring of 4 to 8 atoms, optionally substituted by alkyl. CO or halo as given . 
by the structure: 



30 



35 




where X is CH2. O. S. NH or CH = CH; 

m = 0. 1. 2. 3 or 4 if X = CH2 or CH = CH; 
40 m = 2. 3 or 4 if X = O. S. NH; and 

Yi . Y2 are independentiy H. alkyl. hak) or keto; or 

R^ is -(CH2)p-A"-R2". -(CH2)p-COA"-R2", or -(CH2)p-S02-A"-R2". 
wherein R^ * is guanidine. amidine or aminomethyl, A" is aryl or cycloalkyl. and p is as defined above; 

R3 and R* are independentiy hydrogen, lower alkyl. cycloalkyl. aryl, hydroxy, alkoxy. keto. thioketai. 
45 thioalkyi, thioaryl. amino or alkylamino; or R^ and R* together with the carbons to which they are attached 
form a cycloalkyl, aryl, or heteroaryt ring; 

R^ is hydrogen, hydroxyalkyl. aminoalkyi, amidoalkyl. alkyl, cycloalkyl. aryl, arylalkyl. alkenyl. alkynyl, 
arylalkoxyalkyi, or an amino acid side chain, either protected or unprotected; and 

R^ is hydrogen, 



O 

" 7 

55 

-S02R^ or -C02R^ (wherein R^ is lower alkyl, aryl or cycloheteroalkyi); 
including pharmaceutically acceptable salts thereof. 
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The term "lower alky!" or "alky!" as employed herein by itself or as part of another group includes both 
straight and branched chain radicals of up to 18 cartoons, preferably 1 to 8 cartoons, such as methyl, ethyl, 
propyl, isopropyl. butyl, t-butyl, isobutyl, pentyl, hexyl. isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2.2,4- 
trimethylpentyK nonyl, decyl. undecyl. dodecyl. the various branched chain isomers thereof, and the like as 
5 well as such groups including 1. 2 or 3 halo substituents, an aryl substituent, an alkylaryl substituent a 
haloaryl substituent a cycloalkyi substituent an alkylcycloalkyi substituem. an alkenyl substituent. an 
alkynyl substituent, hydroxy or a carbon substituent. 

The term "cycloalkyi" by itself or as part of another group includes saturated cyclic hydrocart>on 
groups containing 3 to 12 cartoons, preferably 3 to 8 cart)ons, which include cyclopropyl, cyclobutyl, 
70 cyclopentyl, cyclohexyl, cycloheptyl. cyclooctyi, cyclodecyl and cyclododecyl. any of which groups may be 
substituted with substituents such as halogen, lower alkyl. alkoxy and/or hydroxy groups. 

The term "aryl" or "Ar" as employed herein by itself or as part of another group refers to monocyclic or 
bicyclic aromatic groups containing from 6 to 10 carbons In the ring portion, such as phenyl, or naphthyl. 
Aryl (or Ar). phenyl or naphthyl may include substituted aryl. substituted phenyl or substituted naphthyl. 
75 which may include 1 or 2 substituents on either the Ar. phenyl or naphthyl such as lower alkyl. cyano. 
amino, alkylamino, dialkylamino, nitro, carboxy. carboalkoxy. trifluoromethyl, halogen (CI. Br, I or F), low r 
alkoxy. arylalkoxy, hydroxy, aikylthio, alkylsulfinyl, alkylsulfonyl. aryithio. arylsulfinyi and/or arylsulfonyl. 

The term "aralkyl", "aryl-alkyl" or "aryl-lower alkyl" as used herein by itself or as part of another group 
refers to lower alkyl groups as discussed above having an aryl substituent. such as benzyl. 
20 The term "lower alkoxy". "alkoxy" or aralkoxy" includes any of the above lower alkyl, alkyl or aralkyi 
groups linked to an oxygen atom. 

The term "halogen" or "halo" as used herein by itself or as part of another group refers to chlorine, 
bromine, fluorine or iodine with chlorine being preferred. 

The term "lower alkenyl" or "alkenyl" as employed herein by itself or as part of another group includes 
25 a carbon chain of up to 16 carbons, preferably 3 to 10 cartxins, containing one double bond which will be 
separated from "N" by at least one saturated cartxjn moiety such as -(CH2)q- where q can be 1 to 14. such 
as 2-propenyl, 2-butenyI. 3-butenyI, 2-pentenyl. 4-pentenyl and the like, and may include a halogen 
substituent such as I. CI. or F. 

The term "lower alkynyl" or "alkynyl" as employed herein by itself or as part of another group includ s 
30 a carbon chain of up to 16 cartx>ns. preferably 3 to 10 carbons, containing one triple bond which will be 
separated from "N" by at least one saturated carbon moiety such as -(CH2)q- where q* can be 1 to 14, 
such as 2-propynyl. 2-butynyl, 3-butynyl and the like. 

The term "heteroaryl" or heteroaromalic by itself or as part of another group refers to a 5- or 6- 
membered aromatic ring which includes 1 or 2 hetero atoms such as nitrogen, oxygen or sulfur, such as 

35 



40 



45 



SO 
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5 



10 



75 



20 




25 

and the like. The heteroaryl rings may optionally be fused to aryl rings defined previously. The hetero-aryl 
rings may optionally include 1 or 2 substituents such as halogen (CI, Br, F or CF3), lower alkyl. lower 
alkoxy, carboxy. amino, lower alkylamino and/or dilower alkylamino. 
30 The term "cycloheteroalkyr as used herein refers to a 5-, 6- or 7-membered saturated ring which 
includes 1 or 2 hetero atoms such as nitrogen, oxygen and/or sulfur, such as 



R 




4 



EP 0 623 596 A1 



and the like. 

The term "azaheteroalkenyl" as used herein refers to a 4- to 8-membered ring which includes 1 or 2 
hetero atoms such as nitrogen, oxygen and/or sulfur, such as 



10 






75 





20 



25 



The term "amino acid side chain" refers to any of the known alpha-amino acids such as arginine, 
histidine. alanine, glycine, lysine, glutamine, leucine, valine, serine, homoserine. allothreonine. naph- 
thylalanine. isoleucine. phenylalanine and the like. 

Preferred are compounds of formula I wherein n is 0, Is 

o 
it 

-C (CH2 ) B,-giianidine 



30 or -CH2(CH2)m-guanidine,and m is 3. 4 or 5; and compounds of formula I wherein Is A"-R^". A" is 
phenyl, and R^* is amidine and compounds of formula I wherein R^ is -(CH2)p-A'-R^. or 



O 
II 



35 



- {CH2)p-C-A*-R' 



p is 0 or 1 . A* is azacylcloalkyi or azacycloalkenyl. and R^* is amidine; 

R^ and R* are each H, R^ is hydroxymethyl. -CHaCOOalkyI, or benzyl and is 



40 




45 



50 



H, BOC or CBZ. 

Most preferred are compounds of formula I wherein n is 0, R^ is -(CH2)p-A'-R^' or 

O 

-(CH2)p-C-A--R^' 



wherein p is 0 or 1 . A' is 
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TO 



b • b •■ csJ • 



75 



is amidine. and R* are each H, is hydroxymethyl. -CH2COOCH3. or benzyl, and R^ is 

20 




25 

H. BOC or CBZ. 

The compounds of formula ! of the invention may be prepared according to the following reaction 
30 sequences. 
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45 



50 



RMGfcien smfmmncm T (Preparaciozi of I where R^^H, 
o 

11 2 

Rl is -C-A-R-' , and r2 is guanidine) 



10 



IS 




HaH3 
OKSO or 

DXF 



X Z O*9o0yl 




20 



25 



zzx 



Reduction 
Ba/pa-c 
or 

(CcHs>3P/B20 
or 

XiAB or 
SaCla 



PO-H 



IV 




Coupllnff 

PO« -HB- (CB2>mCOOH 
(X) 



WSC/HOBT 
OBP or 7BF 



30 



HB, 



35 



40 




HB-CO-A-KBPO 
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VX 



PO-BB*C-COOB 
B 

(B) 

W8C/BO&Y 
DBF or 9BF 



I 

M-HB-C-C-B 
B 



X I 



BB-CO CCBa )a;SBPO * 



vtx 




r 

VZXX BB*CO(CB3}^nPO' 



vxxx 



Coupling 

1) K^'COOB/WSC/BOBT 
or 

3) R^802Cl/(CaBs)3H 

or 

3> r'^OCOCI/ (C28s)3H 




Roducteloa 
Ba/M-c or 

BBr/BOAc 



xz 
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20 



25 



30 



35 



40 



Otta&ylaeloa 



XA 




B. whera is B 

1) 



1} Ottproe^e^loa of 90< 
la BOC) 



and la •CO*-A-guanldlna or 



vxi 



2 ) Ouaaylafc ion 

3 ) Daproeace Ion of PO 

(vhara PQ la 

CBZ) 




2) 



45 



Dapro^actioti 
WX (vbaro 
la BOC) 

or 

(vhara R* la 
CBS) 




ID m-CO-A-NBa 



50 



55 



9 



EP 0 623 596 A1 



SL, Where ia co-A-Mii<Siti^ 



to 



75 



20 



25 



BOOC-A-CV 

(C) 



IV 




ABldlns Formaclon 

1) HCI/CBbOK 

2) HB3/CH30a 



MH-^O-A-CH 




ZZ 



HH 



30 



35 



40 



45 



50 



XI 



Coupling 
I 

FO' -NB-C-COOB 
B 

(B) 



WSC/BOBT 



ZII 




KB, 



NB 




55 
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10 



75 



20 



zs 



Coupling 

1} R^COOB/WSC/aOBT 



or 

2) R^OCOCl/(CaB5)3H 




3} R''80aCl/(C2H5),N 



Raaefcion a^miftncse TT (Preparation o£ l where is 
-A-r2, r2 is amino or guanidine) 

A. yhflrg R^H and la aniao Qt quaniaiaa 



25 



30 



Xeyla^lon 
CF3C02COCF3 



XV 



zzzx 




35 



40 



45 



SO 



Alkyla^lon 

1) CSCO3 or KaCOs or 

H«2C03 

mcp or OXSO 



XZZZ 



2) BrCHa 



■:-bs> 




55 
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70 



75 



XZV 




XV 



20 



25 



30 



XV 



Cottplizig 

R*-HB-C-COOB 
H 

(D) 

W3C/BOBT 



or TBF 



35 




XVI 



40 



45 



XV X 



DttprotttctloB 

1) CB3HBHB2 

a) KaCOa/CBsOB 




ZQ 



KB 



X-HBi 



50 



55 
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I 

R*>SB-C-e>H 



Ott«nyl«tloa 



ZO 



HB 



•R* 



ZH 



I 

I ^ 
MH-C^ 



1) 



(wb*r* R* i« CBZ) 



ZH 




2) 



D«pr o«*cdoii 



ZO 



(vh«r« R*«CBZ or 
R* Is BOC) 



R* 



R» 
I 

B,H-C-C-H 




R» 



CBa 



<CHa>. 



XH HH-A-HHj 
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10 



xxzx 



XaCO) or 

8r-x*cv 



T5 




20 



25 



ZVIZ 



1) D«proe*ceion 

2) R^-M-C*COOH 

H H 

(D) 
W8C/BOBT 




XVI 11 



30 



35 



40 



XVI XI 



Aa&idlM Pormfttlon 

1) BCX/CaB$OB 

2) HBs/CaBsOB 




{R*«B If 1& 
XVIII la HOC) 



45 



50 



55 
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nm^ct^±on gftmigneft TTT (Preparation of I where 
is -S02-A-R2) 



10 



IS 



ZZX 



1) D«proe«etlon 

2) Coupling 

R*HK-C-COOR 
B 

(i^) 

W8C/BOBT 
IMF or 9BF 



R*-HH-C*C-H 




H II \ / 
(R^^H) CB3-H3 



ZZX 



20 



25 



ZZX 



Raduefcioa 
1> Ba/Pd-C 
or 

(CcB5)39/BaO 

or 

8&CI3 or XJkB 



SttXConylttt^lon 
a) Br^x-sOaCl 



XX 



30 



35 



40 



45 



50 




sOa-A-Br 




Pispl«eomo&e 

DBF or DMSO 



xxz 



Doprotoctlon 
1) TFA (if R* tm CB2) 
or 

Ba/Pd-c or s&cla 
(1£ R^ I0 BOO 

or (CcBsl^P/BaO 
or XiXB 

2) QuanylatloB 



ZB 



55 
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70 




TFA (If PO 
is BOC) 



IN 



75 



20 



25 




30 



35 



40 



1 . 

Baduction 
(if R^-CBZ) 
Ba/Pd-c 



zzz 



(C«Bs))P/B20 
or 

8&CXa or LAB 




ZO HBSOa-A-NBa 



45 



50 



55 
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70 



75 



20 



25 



30 



35 



40 



XX 



1) D«pr tMti n 
(TTJL if R^-BOC) 

2 ) Coupling 
It'cOOR/WSC/HOBT 



R^S02Cl/(C3as>3H 
or 

rToCOCI/ (CaHs)»H 

3) Roduetioxi of azido 
Ha/Vd-C or 
(CcKs)3p/B30 or liAB 




Displacomont 




xzxx 



1) BCl/CaBsOH 

zxxz » 

2) trea/CaHsOR 




(if i& ZZZZZ ±m 
^ BOC, tbon R^ in ZQ io B> 



50 



55 
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Reacstlon gemiftnee IV (Preparation o£ I where 
-A--R2-) 

^ where rA In ami^iTift 




Oxidation 

(COCD) 

DKSO/(C2Hs>3H 




zzzv 



zzv 



Rodttctivo Aainatlon 
Sr«CHBR3/CB30H or 
ZZV BaB (OAc > jH/BOAe 
dieliXoroothazio 




zzvx 



XZVI 



Amidi&a formation 

1) acl/CjHsOH 

2) EBa/C^HsOR 
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10 



xxvzx 



e vpliatr 

I 

»a* >ra>c-cooB 

R 

<&) 



1f8C/BOB9 
SMF OS TBV 



I 

VO*HB-C-C-H 

B a 



V 



zxvxxz 



CB, 



75 



20 



25 



30 



35 



D«pre taction 
(If PO* Is CBS) 



ZZVZZZ 



ZR 



1) r''C00B/W8C/B0BT 
or 

2) R^S02Cl/(CaBs)aH 



%} r'^OCOCI/ (CaBs) 3H 




ZR 




40 



45 



50 
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where n2Z. ±m amincmethvl 




H«CHaBi/BOAe 

or 

HaB(OXe)3H/BOAC 
HaH-X*-CR2HBCBZ 

(A) 



XXV 




|lB-A--CBaBBCBZ 

xxzx 



XX zx 



1) D«prot«e^lo& 

(TFA if PO is 
2> Coupling 



I 

PO*«-HB-C*COOB (») 
WSC/BOB9/HMK 

mar or tbp 




XXX 



NB-A**-CBaNBCBZ 



Dopr o^ttc^ion 

{TPA if Pa» i» BOC) 




XXXI 



r 

NB-A-^CBaHBCBZ 



coupxi&a 



1) r'^COOB/(C3B5)3V 

or 

2) R'^soaCl/ (CaBs) aB 

or 

3) r'^OCOCI/ (C^Bs) 3H 



Oopro^ action 
B3/P4-C 
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XV 



Ha/P4-C 
(R^aue^loa) 




IT 



XXV 



I) D«prot«c^ion 

(TFA if FO Is BOC) 



2) Conpllnff 

lt*-NH-C-COOB 
H 

W8C/BOBT 



(&) 




xxxxz 



HaCVBBj /CBsOB or 
H«B ( OAC ) 3B /BOAe 

B2B«A"«HBPO« 
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X) D«prot«etio& ^ I 



2 > Ou«&ylation 



zw 




D«prot«et:lo& 

Ba/Pd-C 

(if Is CBZ) 

ZW m 




ROttCtlgn ggOTCngg YA (Preparation of I where 
- (CH2)p-A' -r2* , where may or may not be H) 

R^ 

X)«prot«ctloa Coupling 
(TFX 1£ 

r3 ^ ^ ZZXZV 

R* 

PO • BOC) V 

R«HH*'''^^cooa 




R* 

oxidation 



6 



H^^^CB,)n (COCl)a 

DlC80/(CaBs)3H 



XXXV 



CBaOB 

zxxzv 
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XZ 
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(Pr paration of I wh re xs 

o 

(CH2)p-C-A*-R ^ where may or may not be H) 

R«duc^lo& 



1) Ka/M-c or 

2> <CcBs)3P/HaO or 

3> S&cla or 

4> liAH 



ZZZVZZ 



Coupling 
WSC 

ZZZVZZ 



R* 

R» ^ 



R* 

rV' 



cooa r'sh'^ 



(CHa)p 



i--X XXXVIII (CH,)- 



^ I ZZZZZ ^ ^(CKa>i 



Doprotoctlon Ouanylatlon 



TFX if PO-BOC 



IH-pyra so lo - 1 - 
carboxaaldlao 



and R*^BOC 



c^Boc » ZZ^ 



JOC (1992) £1, 
2497-2502 



24 
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As seen in Reaction Sequence t. Part A. compounds of formula I of the invention wherein is 

40 

O 

45 and R^ is guanidine are prepared as follows. Tosylate II (prepared as described by J. Das et al. J. Med. 
Chem., 1992. Vol. 35, 2610) (wherein P.G. represents a protecting group such as t-butyloxy carbonyl 
(BOC), carbobenzyloxy (CBZ). or fluorenylmethyloxycart)onyl (FMOC) is made to undergo a displacement 
reaction with sodium azide in the presence of an inert organic solvent such as dimethylsulfbxide (DMSO) or 
dimethylformamide (DMF). at a temF)erature within the range of from about 50 to about 90 ^C. to form azide 

50 III which is reduced by reaction with a reducing agent such as Hs/Pd-C or triphenylphospine/HsO, lithium 
aluminum hydride (LAH) or stannous chloride, to fonm the corresponding amine IV. 

The amine IV is made to undergo a cart>odiimide coupling reaction with protected amino add A (where 
PG' is a protecting group such as any of the PG protecting groups set out above) in the presence of ethyl 
3-(3-climethylamino)propyl carbodiimide hydrochloride (WSC) or dicyclohexylcarbodiimide (DCC). and 1- 

55 hydroxybenzotriazol monohydrat (HOST), and h4-methylmorpholin (NMM). in th presence of an inert 
organic solvent such as dim thytfonmamid (DMF), THF or N-m thylpyrrolidon (NMP), to form th amide 
V. Amid V Is d protected by treatm nt with trifluoroacetic acid (TFA) (wher PG is BOC) or with Hj/Pd-C 
(where PG is CBZ) with or without th presence of dry inert organic solvent such as dichloromethane. 



25 
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25 



Chloroform or THF, at temperatures within the range of from about -15* to about 20*C. to form amide VI. 
Amide VI is then made to undergo a carbodiimide coupling reaction with protected amino acid B in the 
presence of WSC or DCC. HOBT and NMM. as described above with respect to amine IV, lo form 
compound VII. The protecting group PG of VII is removed by reacting VII with TFA where PG Is BOC and 
5 PG* is other than BOC. to form partially deprotected compound VIM. Compound VIII is then subjected to a 
carbodiimide coupling reaction wherein VIII is treated with an acid R^COOH in the presence of WSC or 
DCC. and HOBT. and NMM. in the presence of an inert organic solvent such as dimethylformamide (DMF). 
THF or N-methylpyn-olidone. to fomn compound IX. Alternatively. VIII may be treated with R^SQzCI and 
triethylamine or R^OCOCI and triethylamine to form IX 
70 Compound IX is then treated with H2/Pd-C or HBr/acetic acid (HOAc) (where PG' is CB2) to form 
compound of the invention lA, lA is separated by conventional procedures and the desired isomers are 
guanylated with amidine sulfonic acid, or other guanylation agent such as IH-pyrazole-l-carboxamidine in 
tiie presence of an alcohol solvent such as ethanol to form the compound of the invention IB. 

Referring to Reaction Sequence I. Part B1) compounds of fonnula 1 of the invention wherein R^ is H 
75 and R^ is -CO-A- guanidine may be prepared by deprotecting amide VII with TFA where PG' is BOC and 
PG Is not BOC. guanylating the deprotected amide by treatment with amidinesulfonic acid (as described 
above with regard to lA) and then removing the remaining protecting group PG by treatment with H2/Pd-C 
where PG is CBZ, to form compound IC of the invention. 

In Reaction Sequence I. Part B2) compounds of formula I of the Invention wherein R^ is H and R^ is 
20 -CO-A-NH2 are prepared by deprotecting lA with TFA (where R^ is BOC) or with Hs/Pd-C (where R^ is 
CBZ) to form compound ID of the invention. 

In Reaction Sequence I. Part C, compounds of formula I of the invention where R^ Is -CO-A-R2 and R2 
Is amidine may be prepared by treating amine IV with acid C In the presence of WSC. HOBT and 
triethylamine. at a temperature within the range of from about -30* to about 50- C. to form nitrile X which Is 
made to undergo amidine formation by treating X with HCl In the presence of methanol and then reacting 
the resulting compound with ammonia in the presence of methanol to form amidine XI. The protecting 
group. PG. is removed in this process if PG = BOC. Amidine XI is tiien made to undergo a carbodiimide 
coupling reaction with protected amino acid B in the presence of WSC or DCC. and HOBT and NMM (as 
described above with respect to amide IV) to form amidine XII which Is deprotected with TFA (where PG* is 
BOC) to form compound IE of the invention where R^ is H. 

Amidine IE may be coupled with coupling agent R^COOH, R^OCOCI. or R^SOzCI (as described above 
with respect to amide VIII) to form amidine compound IF of the Invention where R^ is not H. 

In Reaction Sequence II. Part A compounds of formula I of the invention where R^ is -A-R2 and R^ is 
amino or guanidine are prepared starting with amine IV which is acylated by treating amine IV with 
trifluoroacetic anhydride in the presence of an inert organic solvent such as dichloromethane. chloroform or 
ether and a weak organic base such as pyridine, triethylamine or NMM. to fomi trifluoroacetamide Xlll 
which is alkylated by treating Xlll with bromoalkylphthalimide C In the presence of a base such as an alkali 
metal carbonate, and an inert organic solvent DMSO or DMF. to fomi protected phthallmide derivative XIV 
The phthallmide derivative XIV is deprotected. for example, by treatment with TFA where PG is BOC. to 
form phthallmide derivative XV which is coupled with amino acid derivative D in the presence of WSC or 
DCC. and HOBT and NMM as described hereinbefore in Reaction Sequence I with respect to amine IV to 
form phthallmide derivative XVL Phthaiimide derivative XVI is then deprotected by treatment with hydrazine 
or methyl hydrazine in the presence of an alcohol solvent such as ethanol. and then with base such as 
potassium carbonate or cesium cartjonate. and methanol to form amine compound IG of the invention. IG 
may then be guanylated as described hereinbefore in Sequence I. Part A with respect to lA. to form 
guanidine compound IH of the invention. 

Compounds of formula I of the invention wherein R^ is H and R^ is -A-R2 and R2 is guanidine or amine 
are prepared as outiined in Reaction Sequence II. Part B1) and 2). respectively, by deprotecting IH (where 
Re IS CBZ) or deprotecting IG (where R^ Is CBZ). with Hs/Pd-C to form guanidine compound IJ and amino 
compound IK of the Invention. 

In Reaction Sequence II. Part C. compounds of formula I where R^ is -A-R2 and R2 is amidine are 
prepared by alkylating compound Xlll with nitrile E in tiie presence of a base such as an alkali m tal 
cariDonate like cesium carbonate, to form nifrile XVII which is deprotected witii TFA (where PG is BOC) and 
tiien subjected to a cartx)diimide coupling reaction with amino acid D and WSC or DCC, and HOBT and 
NMM as described hereinbefore witfi respect to VI in Sequence I, Part A. to form nitrile XVIII. Nitrile XVlIi is 
then treated with HCl and ammonia in the presence of an alcohol solvent such as etfianol to form amidine 
compound IL of the invention. If in compound XVIII, R^ is BOC. then in the final product IL. R^ will be H. 
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Compounds of formula I of the invention wherein is -SQ2-A-R2 and is guamidine are prepared as 
outlined in Reaction Sequence lll> Part A starting with azide 111 which is deprotected with TFA (where PG is 
BOC) and then subjected to a cart>odiimide coupling reaction by treating the so-formed, deprotected 
compound with amino acid D in the presence of WSC or DCC. and HOBT and NMM (as described in 

5 Sequence I for VI) to form azide XIX. Azide XIX is reduced by treating XIX with H2/Pd-C or other reducing 
agent as descrit>ed in Sequence I with respect to the reduction of III) to form the corresponding amin 
which is sulfonylated by treatment with the sutfonyl chloride F in the presence of dichloromethane or oth r 
inert solvent such as chloroform or ether, and a weak organic base such as triethylamine or pyridine, at a 
temperature of within the range of from about -30- to at)out 50 •C, to form bromosutfonamide XX. 

70 Compound XX is then reacted with sodium azide in the presence of an inert organic solvent such as DMF 
or DMSO to form azide XXI which is deprotected and then guanylated (as described with respect to IX in 
Sequence I, Part A) to form guanidine compound IM of the invention. IM may then be deprotected where R^ 
is CBZ or BOC as shown to form compound IN of the invention. 

In Reaction Sequence III. Part B1) the preparation of compounds of formula I wherein R^ is -SO2-A-NH2 

IS and R^ is H is shown starting with azide XXI which is reduced to form the amine lO where R^ is H. 

In Part B2), compounds of formula I wherein R^ is -SO2-A-NH2 and R^ is other than H is formed starting 
with azide XXI which is deprotected and then coupled with R^COOH. R^S02CI or R^OCGCI (as described 
above in Sequence I with respect to VIII) to fomn amine IP. 

Compounds of formula I of the invention wherein R^ is -S02-A-amidine are prepared as shown in 

20 Reaction Sequence IIIC by subjecting compound XX to a displacement reaction by reacting XX with 
cyanide to form nitrite XXII which is then amidinated by treatment with HCl and NH3 in the presence of 
ethanol (as described hereinbefore in Sequence I, Part C with respect to IV) to form amidine IQ of the 
invention wherein if R^ in XXIII is BOC, then R^ in IQ Is H. 

Preparation of compounds of formula I of the invention wherein is -A"-R^" and A^" is amidine is 

25 outiined in Reaction Sequence IV. Part A starting with alcohol XXIV which is oxidized by treatment with, for 
example, oxalyl chloride or other oxidizing agent such as pyridine* SOa or pyridinum dichromate, in th 
presence of an inert organic solvent such as DMSO, ether or methylene chloride, and a weak organic base 
such as triethylamine to form aldehyde XXV which is made to undergo reductive amination by treating XXV. 
with NaCNBHa in the presence of methanol, or NaB(OAc)3H in the presence of acetic acid and dich- 

30 loroethylene, and nitrile F to form nitrile XXVI. Nitrile XXVI is reacted with HCl and then ammonia in the 
presence of ethanol to form amidine XXVII wherein the protecting group PG is removed if PG = BOC. So- 
formed amidine XXVII is made to undergo a carbodiimide coupling reaction by treating XXVII with amino 
acid coupling agent B in the presence of WSC or DCC, and HOBT (as described hereinbefore in Sequence 
I. Part A with respect to VI) to form amidine XXVIII which Is deprotected to form amidine compound IR of 

35 the invention where R^ is H. 

Amidine IR may be subjected to a coupling reaction with R^COOH, R^SOaCI or R^OCOCI (as described 
hereinbefore in Sequence I. Part A with respect to VIII) to form amidine compound IS of the invention 
wherein R^ is other than H. 

Compounds of formula I of the invention wherein R^ is -A"-CH2NH2 are prepared as shown in Reaction 

40 Sequence IV. Part B wherein aldehyde XXV is subjected to a reductive amination employing protected 
amine G and the procedure as described in Sequence IV, Part A with respect to aldehyde XXV to form 
protected amine XXIX which is deprotected and coupled witii coupling agent B (as described in Sequence I, 
Part A with respect to VI) to form protected amine XXX which is deprotected to form compound XXXI. 
Compound XXXI may then be deprotected to form amine compound IT of the invention where R^ is H or 

45 XXXI may be made to undergo a coupling reaction (as described in Sequence I, Part A with respect to VIII) 
to form amine compound lU of the invention. 

In Reaction Sequence IV, Part C compounds of formula I wherein R^ is -A'-R^" and R^ * is guanidine are 
prepared starting with XXV which is deprotected and subjected to a cartjodiimide coupling with amino acid 
p (as described hereinbefore in Sequence II. Part C) to form aldehyde XXXII. Aldehyde XXXII is then made 

50 to undergo reductive amination with amine H (using procedures as described in Sequence IV. Part A with 
respect to XXI) to form compound XXXIll which is deprotected and guanylated (as described in Sequence I, 
Part A with respect to lA) to form gusinidine compound IW of the invention. Where R® in IW is CBZ. IW may 
be reduced with H2/Pd-C to form guanidine compound lY of the invention. 

As seen in reaction sequence V. part A, compounds of formula IZ and IZ* may be pr pared by 

55 deprotecting previously described alcohol XXIV and coupling the free amin with a protected amino acid to 
give compound XXXIV. The alcohol XXXIV is oxidized to aldehyde XXXV as described previously in the 
preparation of compound XXV. The aldehyde is coupled with a compound of formula XXXVI using the 
reductive amination methodology described in the preparation of comp)Ound XXIX to give compound IZ. In 
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the case where = H, IZ can be deprotected (Pd-C/Hz if = CBZ) to provide compound IZ*. 
Compounds of formula \7? and IZ^ can be prepared by reduction of azide XIX as described in reaction 
sequence III A to give the amine XXXVII. This amine is coupled to an acid of formula XXXVIII using 
standard carbodlimide coupling methodology described in the preparation of V to give a compound of 

5 formula XXXIX. Compound XXXIX is deprotected (TFA if PG = BOC) and guanytated with a reagent such 
as IH-pyrazole-l-carboxamidine to provide a compound of formula IZ^. In the case where = CBZ, th 
compounds of formula IZ^ can be deprotected to give a compound of formula IZ^ where R^ = H. 

The compounds of formula I of the invention can be obtained as pharmaceut'cally acceptable acid 
addition salts by reacting a free base with an acid, such as hydrochloric, hydrobromic. hydroiodlc. nitric, 

10 sulfuric, phosphoric, acetic, citric, maleic, succinic, lactic, tartaric, gluconic, benzoic, methanesulfonic, 
ethanesuifonic, benzenesulfonic, p-toluenesulfonic acid or the like. 

The compounds of the present invention are serine protease inhibitors, and in particular may inhibit 
thrombin, Factor Xa, and/or trypsin. The compounds of the present invention are useful for the treatment or 
prophylaxis of those processes which involve the production and/or action of thrombin. This includes a 

75 number of thrombotic and prothrombotic states in which the coagulation cascade is activated which include, 
but are not limited to, deep vein thrombosis (DVT), disseminated intravascular coagulopathy (DIC), 
Kasabach-Merritt syndrome, pulmonary embolism, myocardial infarction, stroke, thromboembolic complica- 
tions of surgery (such as hip replacement and endarterectomy) and peripheral arterial occlusion. In addition 
to its effects on the coagulation process, thrombin has been shown to activate a large number of cells (such 

20 as neutrophils, fibroblasts, endothelial cells, smooth muscle cells). Therefore, the compounds of the present 
invention may also be useful for the treatment or prophylaxis of adult respiratory distress syndrome, septic 
shock, septicemia, inflammatory responses which include, but are not limited tot edema, acute or chronic 
atherosclerosis, and reperfusion damage. 

The compounds of the invention may also be useful in treating neoplasia/metastasis (in particular those 

25 which utilize fibrin) and neurodegenerative diseases such as Alzheimer's disease and Parkinson's disease. 
In addition, the compounds of the present invention may be useful to prevent restenosis following arterial 
injury induced by endogenous (rupture of an atherosclerotic plaque) or exogenous (invasive cardiological 
procedure) events. 

The compounds of the present invention may also be used as an anticoagulant in extracorpeal blood 
30 circuits, such as those necessary in dialysis and surgery (such as coronary artery bypass surgery). 

The compounds of the present invention may also be used in combination with thrombolytic agents, 
such as tissue plasminogen activator (natural or recombinant), streptokinse. urokinase, prourokinase. 
anisolated streptokinase plasminogen activator complex (ASPAC), animal salivary gland plasminogen 
activators, and the like. The compounds of the present invention may act in a synergistic fashion to prevent 
35 reocclusion following a successful thrombolytic therapy and/or reduce the time to reperfusion. The 
compounds of the present invention may also allow for reduced doses of the thrombolytic agent to be us d 
and therefore minimize potential hemorrhagic side-effects. 

The compounds of the present invention may also be used in combination with other antithrombotic or 
anticoagulant drugs such as thromboxane receptor antagonists, prostacyclin mimetics, phosphodiesterase 
40 inhibitors, fibrinogen antagonists, and the like. 

Compounds of the present invention that inhibit trypsin may also be useful for the treatment of 
pancreatitis. 

The compounds of the invention can be administered orally or parenteraily to various mammalian 
species known to be subject to such maladies, e.g., humans, cats, dogs and the like in an effective amount 
45 within the dosage range of about 0.1 to about 100 mg/kg. preferably about 0.2 to about 50 mg/kg and more 
preferably about 0.5 to about 25 mg/kg (or from about 1 to about 2500 mg, preferably from about 5 to about 
2000 mg) on a regimen in single or 2 to 4 divided daily doses. 

The active substance can be utilized in a composition such as tablet, capsule, solution or suspension 
containing about 5 to about 500 mg per unit of dosage of a compound or mixture of compounds of formula 
50 I. They may be compounded in conventional matter with a physiologically acceptable vehicle or carrier, 
excipient, binder, preservative, stabilizer, flavor, etc.. as called for by accepted pharmaceutical practice. 

The following Examples represent preferred embodiments of the present invention. Unless otherwise 
indicated, all temperatures are expressed in degrees C ntigrade. 

55 
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Example 1 

[S-(Fr,iy)l-4-Amino-N-[[1-[3-hydroxy-2^(2-naphthalenylsuffonyl)amm^ 
butanamide, hydrochloride 

5 

A. (S)-2-(A2idomethyl)-1-pyrrolidinecarboxyltc acid. 1,1-dimethylethyl ester 

<S)-2-[[[(4-Methylphenyl)sulfonylloxylmethyll-1-pyrrolidinecarboxylic acid. 1 ,1-dimethyl6thyl ester 
(3.55g, lOmmol, see J. Das et al, J. Med Chem, 1992, Vol.35.2610 for preparation) was dissolved In 
10 dimethyl sulfoxide (DMSO) (40 mL) and treated with sodium azide (980 mg, 15 mmol). The mixture was 
heated at 70*C for 5 hours, then cooled and diluted with ether. After washing with water (3x50 mL), the 
ether layer was dried (MgSO^ ) and freed of solvent in vacuo to give title compound as a colorless oil (2.05 
g, 91%) which was used without further purification. 

75 B. N-BOC-L- Proline Methylamine 

The Part A azide (1.45g, 6.4 mmol) was dissolved in at>solute ethanol (50mL). and treated with 10% 
palladium on carbon (290 mg). The flask was equipped with a hydrogen filled balloon via a three way 
stopcock. Air inside the flask was evacuated under reduced pressure and the flask was then filled with 
20 hydrogen from the balloon. This process was repeated three times. The mixture was stinred overnight in the 
hydrogen atmosphere. The catalyst was then removed by filtration through a pad of MgSO^ and the pad 
was washed with more ethanol. The solvent was removed in vacuo to give title compound as a colorless oil 
(1.19 g. 93%). 

25 C. (S)-2-[[[1-Oxo-^[[(phenylmethoxy)carbonyl]amirK>]butyl]amino]methyl]-1-pyrrolidinecarboxy^ acid, 1,1- 
dimethylethyl ester 

Part 8 N-BOC-L-proIine methylamine (1.04 g. 5.2 mmol) and N-CB2-4-aminobutyric acid (1.24g, 5.2 
mmol) were dissolved in dimethyl formamide (DMF) (20 mL) at room temperature (RT). HOBT (702mg, 5.2 

30 mmol), WSC (995mg, 5^mmol) and NMM (570uL. 5.2 mmol) were added. The reaction was stirred for 16 
hours (h). partitioned between ethyl acetate(50 mL) and 10% KHSO4. (100 mL). The aqueous layer was 
extracted with ethyl acetate (2x50mL), and the organic layers were combined. The combined organic layers 
were washed with saturated NaHCOa (50 mL) and saturated NaCI (50mL). dried over magnesium sulfate 
and concentrated in vacuo to provide an oil. The crude material was purified by chromatography on silica 

35 gel. Elution with ethyl acetate:hexanes(2:1) followed by ethyl acetate gave title compound, (1.809 g, 83%) 
as a viscous oil which was characterized by NMR and used in the next step. 

D. (S)-4-[[(Phenylmethoxy)carbonyl]aminol-N-(2-pyrrolidinylmethyl)butanamlde, trifluoroacetate salt 

40 Part C BOC derivative (915 mg, 2.19 mmol) was dissolved in trifluoroacetic acid (TFA) (15 mL) and 
stirred at RT 80 min. The TFA was removed by distillation under reduced pressure and by coevaporation 
with toluene to give title amine. 

E. [S-(R\R0h[2-Oxch2K2-[[[1-oxcH^[[(phenylmethoxy)carix>nyl]amino]butyl]amino]methyl>1-pyrrolidinylh^ 
45 (phenylmethoxy)methyl]ethyl3carbamic acid, 1,1-dimethylethyl ester 

The Part D crude TFA salt (2.19 mmol) and B0C-Ser(0Bn)-OH (ZlOmg. 2.41 mmol) were dissolved in 
DMF (10 mL) at RT. HOBT (326 mg, 2.41 mmol), WSC (463mg. 2.41 mmol) and NMM (570 w-L) were 
added. The reaction was stirred for 18 h, partitioned between ethyl acetate (50 mL) and saturated KHSO4 
50 solution (50 mL). The aqueous layer was reextracted with ethyl acetate (2x50 mL) and the organic layers 
were combined. The combined organic layers were washed with saturated NaHCOa (30 mL) and saturated 
NaCI, dried over magnesium sulfate and concentrated in vacuo . The remaining yellow oil was purified by 
chromatography on silica gel. Elution with ethyl acetate gave title compound, (611mg. 47%) which was 
characterized by NMR. 

55 
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F. [S-(R*,R*)>N-[[1 -[2*[(2-Naphthaleny lsulfonyl)aminoh1 -oxo-a-iphenyimethoxyjpropy lh2-pyiToli^ 
4'[[(phenylnnethoxy)carbonyi]amino]butanamide 

Part E BOC derivative (610 mg, 1.02 mmol) was dissolved in TFA (15 mL) and stin-ed at RT 100 min. 

5 The TFA was removed by distillation under reduced pressure and by coevaporation with toluene. The crude 
TFA salt was dissolved in dichloromethane (15 mL). cooled in an ice bath, and 2-naphthylsuKonyl chloride 
(Aldrich. 254mg, 1.12 mmol) was added, followed by triethylamine (855 uL, 6.12 mmol). The solution was 
warmed to RT and stirred 1 .75 h before diluting with dichloromethane (50 mL). This solution was washed 
with potassium hydrogen sulfate solution (2x30mL) and saturated NaHCOs (2x30mL), dried over magnesium 

10 sulfate, and evaporated to provide crude title compound. The crude product was chromatographed on silica 
gel and eluted with EtOAcrhexanes (2:1) followed by EtOAc followed by 5%MeOH in ChfeCb to provide title 
sulfonamide as a foam (384mg, 72% overall in two steps). 

G; [S^(R^R^]-4-Amino-N-[[1-[3-hyd^oxy-2-[(2*naphthalenylsulfonyl)amino^1-oxopropyl^2-pyrrolidinyl^ 

IS methyl]butanamide, hydrochloride 

Part F compound (480 mg, 0.71 mmol) was dissoh/ed in ethanol (60 mL) to which acetyl chloride (1 .4 
mL) had tjeen added and the mixture was hydrogenated over 10%Pd-C (150 mg) at 55 psi. After 17 h, 
additional catalyst (100 mg) and acetyl chloride (0.5 mL) were added. After an additional 18 h, the reaction 
20 mixture was filtered and the residual catalyst was washed with EtOH. The filtrate was concentrated in vacuo 
to obtain title des-benzyl, des-CBZ product. 

Example 2 

25 [S-(R*,R*)}-4-[(Amlnoiminomethyl)amino]-N-[[1-[3-hydroxy-2-[(2-naphthalenylsulfonyl)aminol-1-oxopropyll-2- 
pyrrolldinyl]methyl]butanamide, trifluoroacetate (1:1) salt 

Example 1 compound (0.71 mmol) was dissolved in ethanol (20 mL). to which amidinesulfonic acid (124 
mg, 1.0 mmol) and triethylamine (270 uU 1-9 mmol) were added. After 2.5 h the mixture was filtered 
30 through a pad of celite. washed with ethanol and the filtrate was concentrated to dryness. The crude 
material was purified by preparative HPLC to provide a white solid (218 mg. 47% overall yield from 
Example 1. Part F). Purity ^ 98%. 
talo = '37,2^ (c = 0.9, MeOH) 



Analysis calcd for 1.25 TFA + 0.60 H2O: 


Found: 


C, 46.55; 
C. 46.54; 


H. 5.28; 
H. 5.56; 


N, 12.77; 
N, 12.69; 


F, 10.83; 
F, 10.80; 


S, 4.87. 
S, 4.93. 



40 

Example 3 

[R-(R^S*)^[2-[2-[[(4-Aminobutyl)amino]methyl^1-py^rolidinyl)-2<^xo-1-(phenylmethyl)ethyl]carb^ acid, 
^ phenylmethyl ester 

A. (S)-2-[[(Trifluoroacetyl)amino]methyl]-1-pyrrolidinecarboxylic acid, 1.1-dimethylethyl ester 

A solution of Example 1. Part B N-BOC-L-prolinemethy!amine compound (2.64g, 13.27mmol) in 
^ dichloromethane (50 mL) and pyridine (10 mL) was cooled to 0* C and treated dropwise with trifluoroacetic 
anhydride (3.78 mL, 26,55 mmol). The reaction was allowed to warm slowly to room temperature and left 
stirring overnight. The mixture was diluted with ethyl acetate (150 mL) and washed with satd. copper sulfate 
solution (5 x 50 mL) and brine (3 x 30 mL) dried (MgSO* ) and freed of solvent in vacuo to give title 
compound as a yellow oil (3.516 g. 84%) which was used without further purification. 

55 
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B. (S>-2-[[[4-(1 ,^-Dihydro-1 ,3-dioxo-1 H-isoindol-2-yl)butyll(trifluoroacetyl)aminolmethy 11-1 -pynrolidinecarbox- 
ylic add. 1,1-dimethylethyl ester 

The Part A trifluoroacetannide (3.51 4g, 11.12 mmol) and N-(4-bromobutyl)-phthalimide (3,136 g, 11.12 
5 mmol) were dissolved in DMF (60mL), and treated with cesium carbonate (7.25g, 22.24 mmol). The reaction 
was heated in an oil bath maintained at 55*0 for 22 hours, cooled to room temperature and partion d 
between ethyl acetate (150 mL) and water (100 mL). The layers were separated, and the aqueous layer was 
reextracted with ethyl acetate (50 mL). The combined organic layers were dried over magnesium sulfate 
and concentrated in vacuo . The crude material was purified by chromatography on silica gel (Merck, 400 
70 mL), eluting with 20-40% ethyl acetate in hexane to give title compound (2.773 g, 50%) as a viscous foam. 

C. [R-(R*,S*)H2-[2-[[I4"(1 ,3-Dihydro-1 ,3-<Jioxa'2H-isoindol-2-yl)butyll(trifluoroacetyl)amino]methyl>1 -pyr- 
rolidinyll-2-oxo-1-(phenylmethyl)ethyl]cart>amic acid, phenylmethyl ester 

75 Part A BOC derivative (2.27g, 4.567 mmol) was dissolved in dichloromethane (10 mL) and TFA (30m L) 
and stirred at RT 2.5 hours. The TFA was removed by distillation under reduced pressure and by 
coevaporation with toluene to give the TFA salt of the amine. This and Z-D-phenylalanine (1.50 g, 5.02 
mmol)were dissolved in DMF (20 mL) at RT. HOST (680mg. 5.02 mmol), WSC (965mg. 5.02mmol) and 
NMM (1.1 mL, 10 mmol) were added. The reaction was stirred for 16 h, partitioned between ethyl acetate 

20 (70 mL) and 10% KHSO4 (70 mL). The aqueous layer was extracted with ethyl acetate (2x70mL), and the 
organic layers were combined. The combined organic layers were washed with saturated NaHCOa (50 mL) 
and saturated NaCI (50mL), dried over magnesium sulfate and concentrated in vacuo to provide a viscous 
oil. The crude material was purified by chromatography on silica gel. Elution with ethyl acetaterhexanes- 
(1:1) followed by ethyl acetate gave title phthalimide, (2.43 g, 78%) as a viscous oil which was characterized 

25 by NMR. 

D. [R-(R*,S*)]-[2-[2-[[(4-Aminobutyl)amino]methyl]-1 -pyrrolidinyl]-2-oxo-1 -(phenylmethyl)-ethyl]carbamic acid, 
phenylmethyl ester 

30 Part C phthalimide (1.79g. 2.63 mmol) was dissolved in ethanoi (12 mL) and treated with methyl 
hydrazine (2mL). The mixture was heated under reflux for 2 hours at which time the HPLC indicated that no 
starting material remained, but showed a mixture of products. The solvent was removed m vacuo and by 
' co-evaporation with toluene. The residue was dissolved in methanol (50 mL) and water (15 mL) and treated 
with potassium carbonate (2 g). The mixture was left stirring overnight at room temperature to complete the 

35 removal of the trifluoroacetamide group. IN HCI solution was added to acidify the mixture and non-basic 
organics were removed by extracting with dichloromethane (70 mL). The dichloromethane layer was 
extracted with IN HCI (50 mL). The combined aqueous layers were basified with NaOH solution and the 
desired amine was extracted into dichloromethane (3 x 70 mL), dried over magnesium sulfate and 
concentrated m vacuo to provide title compound as an oil (1 .065 g, 90%). 

40 

Example 4 

[R-(R^S0H2-[2-[[[4-[(Aminoiminomethyl)amino]butyl]amino]methy^^1-pyn^olidinyl^2-oxo-1 -(phenylmethyl)- 
ethyl]carbamic acid, phenylmethyl ester, trifluoroacetate (1 :2) salt 

45 

Example 3 compound (1.069g, 2.356 mmol) was dissolved in ethanoi (60 mL), to which amidinesulfonic 
acid (352 mg, 2.84 mmol) and triethylamine (550 uL, 3.94 mmol) were added. After 3.5 h the mixture was 
filtered through a pad of celite, washed with ethanoi and the filtrate was concentrated to dryness. The crude 
material was purified by preparative HPLC to provide a white solid (1 .225g, 69%). Purity S 98%. 
50 [ajo = -2.9° (c = 0.5 MeOH) 





Analysis calcd for 2.20TFA + 0.70 H2O: 






0, 49.75; 


H, 5.53; 


N, 11.09; 


F. 16.54. 


55 


Found: 


C. 49.71; 


H. 5.48; 


N. 11.09; 


F. 16.57. 
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Example 5 



70 



(2S)-N-[4'[[[1-(D-Phenylalanyl)-2-pyiTolidinyl]methyllaminolbutyl]guanidine, trifluoroacetate (1:2) salt 

Example 4 compound (540 mg, 0.712 mmol) was dissolved in methanol (30 mL)and treated with 
Perlman's catalyst (Pd(OH)2) (125 mg). The flask was equipped with a hydrogen filled balloon via a three- 
way stopcock. Air inside the flask was removed under reduced pressure and replaced with hydrogen from 
the balloon. This process was repeated three times. The mixture was stirred under the hydrogen 
atmosphere for 2.5 hours. The catalyst was removed by filtration and the filter pad was washed with 
additional methanol. The filtrate was freed of solvent in vacuo to give title compound which was dissolved in 
water (30 mL), passed through a millipore membrane and lyophilized to provide title compound as a white 
solid (429mg. 93%). Purity ^ 98%. 



15 



Analysis calcd for 2.50 TFA + 0.20 H2O: 



Found: 



C. 44.41; 


H. 5.72; 


N, 12.95; 


C, 44.49; 


H, 5.70: 


N. 12.86; 



F, 21.95. 
F, 21.91. 



20 



Example 6 



25 



[R-(R\S*^]-[242-[[[(4-Aminobutyl>sulfonyl]amino]methyl>1-pyrrolidinyl]-2-oxo-1-(phenylmethyi)ethyl]c^ 
acid 1«1-dimethylethyl ester 

A. 4-Bromobutylsulfonylchloride 



30 
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A stirred suspension of anhydrous sodium bromide (1.13g, 11 mmol) and 1,4-butane sultone (1.36g, 10 
mmol) In DMF (10 mL) was heated In a bath maintained at 80* C for 2 hours. The clear solution was cooled 
to room temperature and a white solid precipitated. The mixture was diluted with ethyl acetate and filtered. 
The white solid collected was washed five times with ether and dried in vacuo to give the sodium salt of 4- 
bromobutyl sulfonic acid (2.18 g). Solid phosphorous pentachloride (3.12 g. 15 mmol) was added to the 
sodium salt in several portions with mixing. After addition, the solid mixture was triturated with a spatula. An 
exothermic reaction ensued, the mixture became colored and t)ecame fluid. After stirring at room tempera- 
ture for 30 min.. the mixture was diluted with dichloromethane and treated slowly with ice water. The lay rs 
were separated and the dichloromethane solution was dried (MgSO^). filtered and the solvent was removed 
in vacuo . The crude colorless oil was purified on silica gel (Merck) eluting with 50% ethyl acetate in hexane 
to give title compound as a colorless oil (1 .69 g. 72%). 

B. [R-(R*,S*)H^-[2-(Aminomethyl)-1 -pyrrolidinyll-2-Qxo-1-(phenylmethyl)ethyl]carbamic acid. 1.1- 
dimethylethyl ester 



45 



50 



(1) [R-(R*,S*)H2[2-(Azidomethyl)-1-pyn-olidinyl]-2-oxo-1-(phenylmethyl)ethyl]cari3amic acid, 1.1- 
dimethylethyl ester 

Example 1. Part A azide (4.52g. 20mmol) was dissolved in dichloromethane (5mL) and trifluoroacetic 
acid (lOmL) and stirred at RT 2 hours. The TFA was removed by distillation under reduced pressure and by 
coevaporation with toluene to give the amine as a TFA salt. This and t-BOC-D-phenylalanine (5.3g, 20 
mmol) were dissolved in DMF (30 mL). HOBT (2.7g. 20mmol). WSC (4g. 20mmol) and NMM (8 mL) were 
added. The reaction was stirred for 24 h. diluted with ethyl acetate(75 mL) and washed with 10% KHSO4 - 
(2x). saturated sodium bicarbonate solution (2x) and 10% lithium chloride solution (2x). The ethyl acetate 
layer was dried over magnesium sulfate and concentrated in vacuo to provide title compound (7.4g, 99%) 
as an oil which was used without further purification. 



55 



(2) [R-(R*.S')h[2-[2-(Aminomethyl)-1-pyrrolidinyl}-2-oxo-1-(phenylmethyl)ethyl]carit>amic 
dimethylethyi ester 



acid, 



1,1- 



The Part (1) azide (2.25g. 6.0 mmol) was dissolved in absolut ethanol (40mL). and treated with 10% 
palladium on carbon (200 mg). The fiask was equipped with a hydrogen filled balloon via a three way 
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stopcock. Air inside the flask was evacuated under reduced pressure and the flask was then filled with 
hydrogen from the balloon. This process was repeated three times. The mixture was stinred overnight in the 
hydrogen atmosphere. The catalyst was then removed by filtration through a pad of MgSOi. and th pad 
was washed with more ethanol. The solvent was removed in vacuo to give title amine as a white foam (2.15 
5 g. Quant). 

C. [R-(Fr,S*)h[2-[2-[[[(4-Bromobutyl)sulfony l]amino]methyll-1 -pyrrolidinylha-H^xo-l -(phenylmethyl)ethylh 
cart)amic acid. 1,1-dimethylethyl ester 

10 A solution of Part A 4-bromobutyl sulfonyi chloride (942 mg, 4 mmol) in dichloromethane (3 mL) was 
added dropwise to a cooled (-10 *C) stinred solution of Part B amine (868 mg, 2.5 mmol) and triethyl amine 
(1.2 mL. 8 mmol) in dichloromethane (10 mL). After a few minutes, a precipitate formed. The suspension 
was stirred at -10* C for 2 hours, diluted with dichtoromethane (25 mL) and washed with 1 N HCI solution 
(2x15 mL). The dichloromethane solution was dried (MgSOi). filtered and the solvent was removed in 

75 vacuo . The crude oil was purified on silica gel (Merck) eluting with 30%, 50%, and 70% ethyl acetate in 
hexane to give title compound as a white foam (910 mg. 67%). 

O, [R^KR^S0^[2■[2-[[[(4-Azidobutyl)s^lfonyllamino]methyl^1-pyn^o^^dinyl^2K)xo-1-(phenylmethyl)ethyl^ 

cart>amic acid, 1,1-dimethylethyl ester 

A solution of Part C bromo sulfonamide (800 mg, 1.46 mmol) in DMSO (5 mL) was treated with sodium 
azide (143 mg. 2.2 mmol) and the mixture was heated in an oil bath maintained at 60-C for 3.5 hours. After 
cooling, the mixture was partitioned between ether (50 mL) and water (25 mL). The ether layer was wash d 
with water (2x10 mL). dried (MgS04). filtered and the solvent was removed in vacuo . The crude oil was 
2S purified on silica gel (Merck) eluting with 50% ethyl acetate in hexane to give title compound as an oil (733 
mg, 98%). 

[R■(R^S^^[2-[2-[[[(4-Aminobutyl)s^lfonyi]amino]methyl]-1-pyr^olidinyl^2-oxo-1-(phenylmethyl)ethyl]- 

carbamic acid. 1,1-dimethylethyl ester 

Part D compound (730 mg, 1.437 mmol) was dissolved in ethanol (20 mL)and treated with 10% 
palladium on carbon (180 mg). The flask was equipped with a hydrogen filled balloon via a three-way 
stopcock. Air inside the flask was removed under reduced pressure and replaced with hydrogen from the 
balloon. This process was repeated three times. The mixture was stirred under the hydrogen atmosph re 
35 for 18 hours. The catalyst was removed by filtration and the filter pad was washed with additional ethanol. 
The filtrate was taken to dryness In vacuo leaving title compound as a coloriess oil (758 mg, Quant). 



20 



30 



40 



4S 



50 



Example 7 

[ R-(R".S*)l-4-[(Aminoiminomethyl)aminohN-[[1-(2-amino-1-oxo-3-phenylpropyl)-2-pyn-olidinyl]methylh 
butanesulfonamide, trrfluoroacetate (1 :2) salt 

Example 6 amine (1.437 mmol) was dissolved in ethanol (30 mL). to which amidinesulfonic acid (250 
mg, 2.0 mmol) and triethyl amine (280aL, 2.0 mmol) were added. After 3 h, the mixture was filtered through 
a pad of celite, washed with ethanol and the filtrate was concentrated to dryness. The residue was treat d 
with TFA (5 mL) for 3 hours and then freed of excess TFA by coevaporation with toluene. The crud 
material was purified by preparative HPLC to provide a white solid (523 mg, 55% from Example 8. Part D 
compound). Purity ^ 98%. 
Md = -63.3** (c = 0.6. MeOH). 



55 



Analysis calcd for 2.2 TFA + 0.2 H2O: 



Found: 



C. 41.39; 


H, 5.14; 


N, 12.38; 


F. 18.47; 


C, 41.44: 


H. 5.16: 


N, 11.89; 


F. 18.41: 



S, 4.72. 
S, 4.56. 
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Example 8 

[R-(R^S^H2-[2-[[[(3-Aminopropy^)sutfonyl]amino]methyl^1^pyr^o^dinyl^2■<?xo^1^^^ 
carbcinnic acid, 1,1-dimethylethyl ester 

5 

A. 3-Bromopropyl sulfonyl chloride 

A stirred suspension of anhydrous sodium bromide (1.60g, 15.5 mmol) and 1,3-propane suttone (1.83g, 
15 mmol) in DMF (15 mL) was heated in a bath maintained at 80* C for 2 hours, during this time material 

10 precipated. The mixture was cooled to room temperature, dilited with ethyl acetate and filtered. The white 
solid collected was washed five times with ether and dried in vacuo to give the sodium salt of 3- 
bromopropyl sulfonic acid (3.1 1g)- Solid phosphorous pentachloride (4.68 g. 22.5 mmol) was added to the 
sodium salt, in several portions, with mixing. After addition, the solid mixture was triturated with a spatula. 
An exothermic reaction ensued, the mixture became colored and l^ecame fluid. After stirring at room 

15 temperature for 30 min.. the mixture was diluted with dichloromethane and treated slowly with ice water. 
The layers were separated and the dichloromethane solution was dried (MgS04). filtered and the solv nt 
was removed in vacuo . The crude colorless oil was purified on silica gel (Merck) eluting with 30% ethyl 
acetate in hexane to give title compound as a colorless oil (2.544g. 76%). 

20 B. [R-(R\S*)H2H2-[[[(3-Bromopropyl)sulfonyi]amino]methyl]-1-pynrolidinyl>2<>xo-1-(phenylmethyl)e^ 
carbamic acid. 1,1-dimethylethyl ester 

A solution of Part A 3-bromopropyl sulfonyl chloride (1.06g. 4.8 mmol) in dichloromethane (5 mL) was 
added dropwise to a cooled (-10*C) stirred solution of Example 6. Part B amine (1.059. 3.02 mmol. see 

25 BMS 186,685 for preparation) and triethyl amine (1.44 mL. 9.6 mmol) in dichloromethane (15 mL). After a 
few minutes, a precipitate formed. The suspension was stirred at -10' C for 2.5 hours, diluted with 
dichloromethane (35 mL) and washed with 1 N HCI solution (2x15 mL). The dichloromethane solution was 
dried (MgSO*), filtered and the solvent was removed in vacuo . The crude oil was purified on silica gel 
(Merck, 150 mL) eluting with 50% ethyl acetate in hexane to give title compound as a white foam (1.1 60g. 

30 72%). 

C. [R-(R^S'^H2-[2-[[[(3-A2idopropyl)sulfonyllamino]methyl]-1-pyrro^idinyl^2^xo-1-(phenylmethyl)ethy 
carbamic acid, 1 .1-dimethylethyl ester 

35 A solution of Part B bromo sulfonamide (I.IOg. 2.06 mmol) in DMSO (8 mL) was treated with sodium 
azide (202 mg, 3.1 mmol) and the mixture was heated in an oil bath maintained at 60*C for 3.75 hours. 
After cooling, the mixture was partitioned between ether (60 mL) and water (30 mL). The ether layer was 
washed with water (2x15 mL). dried (MgSO*). filtered and the solvent was removed in vacuo . The crude oil 
was purified on silica gel (Merck. ISOmL) eluting with 50% ethyl acetate in hexane to give title compound 

40 as a white foam (872 mg. 86%). 

D. [R-(R^S*)^[2-[2-[[[(3-Aminop^opyl)suifonyllamino]methyl^1-pynro^idinyl^2<^xo-1-(phenylm 
carbamic acid, 1,1-dimethylethyi ester 

45 Part C compound (870 mg, 1.76 mmol) was dissolved in ethanol (25 mL)and treated with 10% 
palladium on carbon (200 mg). The flask was equipped with a hydrogen filled balloon via a three-way 
stopcock. Air inside the flask was removed under reduced pressure and replaced with hydrogen from the 
balloon. This process was repeated three times. The mixture was stirred under the hydrogen atmosphere 
for 18 hours. The catalyst was removed by filtration and the filter pad was washed with additional ethanol. 

50 The filtrate was taken to dryness in vacuo leaving title compound as a coloriess oil. 

Example 9 

[R-(R^S0H2-[2-[[[[3■[(Aminoiminomethyl)amino]propyl]sulfonyl]amino]methyl^1■pynrol^dinyl^2^^ 
55 (phenylmethyl)ethyllcarbamic acid, 1 ,1 -dimethyiethy t ester, trifluoroacetate (1:1) salt 

Example 8 amine (1.76 mmol) was dissolved in ethanol (35 mL) and amidinesulfonic acid (306 mg. 2.46 
mmol) and triethylamine (345uL. 2.5mmol) were added. After 3 hours, the mixture was filtered through a 
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70 



pad of cetite, washed with ethanol and the fittrate was concentrated to dryness. The crude material was 
purified by preparativ HPLC to provide a white solid (820 mg, 71% from Example 8, Part C compound), 
Purity ^ 98%. 

[alo = -38.4*' (C = 0.9. MeOH). 



Analysis calcd for 1.25 TFA + 0.2 H2O: 



Found: 



C, 46.63; 


H, 6.09; 


N, 12.80; 


F, 10.85; 


C, 46.87; 


H, 6.12; 


N. 12.60; 


F, 10.83; 



S, 4.88. 
S. 4.92. 



J5 



20 



Example 10 

[R-(R^S^^3-[(Aminoiminomethyl)amino^N-[[1^(2-amino-1-oxo^3-phenylpropyl^2-pynrolidinyq^ 
propanesuifonamide, trifluoroacetate (1 :2) salt 

Example 9 compound (500 mg. 0.76 mmol) was treated with TFA (5 mL) for 1.5 hours and then freed of 
excess TFA in vacuo . The residue was dissolved in water (20 mL) and passed through a Millipore filtration 
membrane. The aqueous solution was frozen and lyophiilized to give a dense solid. This was again 
dissolved in water (20 mL) and relyophillized to give title compound as a fluffy white solid (479mg, 93%), 
Purity i 98%. 

[a]D = -60.2° (c = 0.6. MeOH). 



2$ 


Analysis calcd for 2.2 TFA + 0.4 H2O: 






C. 40.24; 


H. 4.98; 


N. 12.57; 


F. 18.75; 


S. 4.80. 




Found: 


C, 40.21; 


H. 5.10; 


N. 12.35: 


F. 18.94; 


S. 4.81. 
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Example 11 

[R-(Fr.S*)h2-Amino-1 -[2-[n4-(aminomethyi)pheny llamino]methy 11-1 -pyn-olidiny l>3-phenyl-1 -propanon , 
trifluoroacetate (1 :3) salt 

A. [(4-Aminophenyl)methyl]carbamic acid, phenylmethyl ester 

To a solution of 4-aminobenzenemethanamine (1.5 g. 12.3 mmol) in 20 mL CH2CI2 was added 
benzylchloroformate (1.57 mU 11 mmol). followed by triethylamine (EtaN) (1.5 mL, 11 mmol) at room 
temperature. White percipitates was observed immediately. The reaction was stirred at room temperature 
for 10 minutes and removed EtsN salt by filtration. The reaction mixture was concentrated in vacuo and 
partitioned between EtOAc and H2O. The EtOAc layer was washed with a sat. solution of KHSO*. a sat, 
solution of NaHCOa. concentrated in vacuo and subjected to a silica-gel column using CHCb / CH3OH = 
25/1 ratio. as an eluting solvent to give title compound (43% yield). 



B. (S)-[[4-[[[1 -[(1 ,1 -Dimethylethoxy)carbonyih2-pynrolidinyl]methyl]amino]phenyl]methyl]carbamic 
phenylmethyl ester 



acid, 



50 



To a solution of Example 16. Part A aldehyde (0.36 g, 1.79 mmol) and Part A compound (0.46 g. 1.79 
mmol) in 3 mL CH2CI2CH2CI2 was slowly added acetic acid (AcOH) (140 ul. 2.33 mmol) at 0*C. followed 
by NaB(AcO)3H. The reaction stinred at room temperature for 15 minutes and partitioned between 
BOAc/hexane (1:1 ratio) and H2O. The organic layer was washed with H2O. brine, dried over Na2S04 and 
concentrated in vacuo to give title compound (98% yield). 
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C. (SH[M(2-Pyrrolidinylmethyl)afnino]phenyl3methyl]carbamic acid, phenylmethyl ester, trifluoroacetate 
(1:1) salt 

To a solution of Part B compound (0.8 g. 1.82 mmol) in 5 mL CH2CI2 was added trifluoroacetic acid 
5 (TFA) (5.5 mL, 5.46 mmol) at 0 • C. The ice bath was removed and stinted at room temperature for 1 hr. The 
reaction mixture was concentrated in vacuo and treated with a sat. HCI / El20 to give title comound (quant 
yield). 

D. [R'(R*,S*)h2-[[(l ,1 -Dimethy Iethoxy)carbonyl]aminoh3-phenyi-1 -[2-[[[4-[[[(pheny lmethoxy)amino]methy 1]- 
70 pheny l]amino]methyll-l -pyrrolidinyl)-1 -propanone 

To a solution of Boc-D-Phenyla!anine (0.55 g. 2.05 mmol) and HOBT (0.28 g. 2.05 mmol) in 4 mL DMF 
was added WSC (0.39 g, 2.05 mmol), followed by Part C compound (0.7 g, 1.87 mmol). NMM (226 ml, 2.05 
mmol) was used to adjust the pH to 7.5-8.0. The reaction stirred at room temperature for 16 hrs and 
IS partitioned between EtOAc and H2O. The EtOAc layer was further washed with a sat. solution of NaHCOa, a 
sat. solution of KHSO4, brine, dried over Na2S04 and concentrated in vacuo to give title compound (41% 
yield). 

E. [R-(R*,S*)]-2-Amino-1 -[2-[[[4-(jaminomethy l)pheny l]amino]methy l}-1 -pyrrolidiny l]-3-phenyl-1 -propanone, 
20 trifluoroacetate (1 :3) salt 

To a solution of Part D compound (0.2 g, 0.34 mmol) in ImL HOAc was added slowly 30% HBr in 
HOAc (1 mL, 1.12 mmol) at 0*C. The ice bath was removed and the reaction was stinted at room 
temperature for 1 hr. The reaction mixture was concentrated in vacuo and added Et2 0 with stirred to 
25 formed white percipitates which was filtered to give title compound (59% yield). 





Elemental Analysis: CD21 l-fesN^O • 


3.10 TFA • 0.60 H2O 




Calc. : 


C. 45.58; 


H, 4.54; 


N. 7.82; 


F, 24.65 


30 


Found: 


C. 45.59; 


H. 4.29; 


N. 8.09; 


F. 24.80. 



Example 12 

[R-(R^S*)^N-[2-[2-[[[4-(Aminomethyl)pheny^]amino]methyil-1-pyrrolidinyl]-2-oxo-1-(phenylmethyl)ethyl]-2- 
naphthalenesulfonamide, trifluoroacetate (2:3) salt 

A; [S(R*,S')>2-Amino-3-phenyi-1-[2-[[[4-[[[(phenylmethoxy)amino]methyl]phenyl]aminolmethyl>1 -pyr- 
rolidiny 11-1 -propanone 

To a solution of Example 1, Part D compound (0.2 g, 0.34 mmol) in 2 mL CH2CI2 was added TFA (1 
mL, 1.12 mmol) at 0*C. The ice bath was removed and the reaction was stirred at room temperature for 1.5 
hrs. The reaction mixture was concentrated in vacuo to give title compound (97% yield). 

B. [R-(R',S*)l-N-[2-[2-[[[4-[[[(Phenylmethyl)carbonyl]amino]methyl]phenyl]amino]methyl]-1-pyrrolidinylh2- 
0x0-1 -(phenylmethyl)ethyl]-2-naphthalenesulfonamide 

To a solution of Part C compound (0.17 g, 0.28 mmol) in 3 mL CH2CI2 was added 2-naphtha!ene 
sulfonyl chloride (0.07 g. 0.31 mmol), followed by EtsN (86 ml, 0.62 mmol). Additional EtsN (20 ml. 0.14 
mmol) was added after 1 hr. The reaction was stirred at room temperature for 1 more hr and partition d 
between ChbCIa and H2O. The CH2CI2 layer was washed with a sat. solution of KHSO4., a sat. solution of 
NaHCOa, brine, dried over Na2S04 and concentrated in vacuo to give title compound (83% yield). 

C. [R-(R*.S^hN-[2-[2-[[[4-(Aminomethyl)phenyi]aminolmethyl]-1-pyrrolidinyl>2-oxo-1-(phenylmethyl)e^ 
naphthalenesulfonamide, trifluoroacetate (2:3) salt 

To a solution of Part B compound (0.16 g, 0.24 mmol) in 1 mL HOAc was added 30% HBr in HOAc (0.8 
mL, 0.71 mmol) at 0 • C. The ic bath was removed and the r action was stirred at room temperature for 4 
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hrs. The reaction mixture was concentrated in vacuo and subjected to a prep. HPLC using 35 to 90% B 
over 40 minutes gradient to give title compound (49% yield). 



Elemental Analysis Calcd for C3iH34N4 03S • 1.60 TFA: 





C. 56.65; 


H. 4.95; 


N. 7.73; 


Found: 


C. 56.66; 


H, 4.93; 


N, 7.79; 



F. 12.58; 
F. 12.56; 



S. 4.42 
S, 4.20. 



TO 



75 



20 



25 



30 



35 



40 



[a]D= -35.1 (c = 0.51. MeOH). 
Example 13 

[R,(Fr,S*»2-Amino-1 -[2-[3-[(aminoiminomethy l)amino]propy l]-1 -pyrrolidinyl]-2-pheny 1-1 -propanone. 
trifluoroacetate (1 :3) salt 

A. (S)-2-[[[3-(1 ,3-Dihydro*1 ,3-dioxo-1H-isoindol-2-yl)propyl](trifluoroacetyl)amino]methyl}-1-pyrrolldinecarbox* 
ylic acid, 1,1-dimethylethyl ester 

A solution of Example 3. Part A trifluoroacetamide (1.26g. 4 mmol) and N-(3-bromopropyl)phthalimide 
(1.7g, 6 mmol) in DMF (40mL) was treated with cesium carbonate (2.61 g, 8 mmol). The reaction was 
heated in an oil t^ath maintained at 55 • C for 24 hours, cooled to room temperature and partitioned betwe n 
ethyl acetate (75 mL) and water. The layers were separated. The organic layer was dried over magnesium 
sulfate and concentrated in vacuo . The crude material was purified by chromatography on silica gel (Merck, 
400 mL). eluting with 10-30% ethyl acetate in hexane to give title compound (1.07 g. 53%) as a colorless 
oil. 

B. [R-(R*,S*)h[2-[2-[[[3-(1 ,3-Dihydro-1 ,3-dioxo-2H-isoindol-2-yl)propyl](trifluoroacetyl)amino]methyl>1 -pyr- 
rolidinyi}-2-oxo-1 -(phenylmethyl)ethyl]carbamic acid, phenylmethyl ester 

Part A BOC derivative (974 mg, 2.0 mmol) was dissolved in dichloromethane (2 mL) and TFA (4mL) 
and stirred at RT 2 hours. The TFA was removed by distillation under reduced pressure and by 
coevaporation with toluene to give the TFA salt of the amine as an oil. This and 2-D-phenylalanine (600 mg. 
2 mmol) were dissolved in DMF (15 mL) at RT. HOBT (270 mg. 2 mmol), WSC (382 mg. 2 mmol) and 
NMM (0.6 mL. 6 mmol) were added. The reaction was stirred for 16 h. diluted with ethyl acetate (75 mL) 
and washed with 10% KHSO* (20 mL, 2 x) and saturated NaHCOa (20 mL, 2 x). The ethyl acetate extract 
was dried over magnesium sulfate and concentrated in vacuo to provide an oil. The crude material was 
purified by chromatography on silica gel. Elution with 20. 30. and 50% ethyl acetate in hexanes gave title 
compound, (1:06 g. 80%) as a white foam. 

C. [R-(R*,S*)]-[2-[2-[[(3-Aminopropyl)amino]methyl]-1-pynrolidinyl>2-oxo-1-(phenylmethyl)ethyl]cari3amic 
acid, phenylmethyl ester 



Part B phthalimide (1 g. 1.51 mmol) was dissolved in absolute ethanol (15 mL) and treated with methyl 
hydrazine (1.2 mL). The mixture was heated under reflux for 2 hours. The solvent was removed in vacuo 
and by co-evaporation with toluene (10 mL) and dichloromethane (10 mL x 2). The residue was dissolved in 
rnethanol (30 mL) and water (10 mL) and treated with potassium cartx)nate (1.5 g). The mixture was left 
stirring ovemight at room temperature to complete the removal of the trifluoroacetamide group. IN HCI 
solution (25 mL) was added to acidify the mixture and non-basic organics were removed by extracting with 
dichloromethane (25mL, x 3). The dichloromethane layers were extracted with 1NHCI (50 mL). The 
combined aqueous layers were basified with NaOH solution and the desired amine was extracted into 
dichlorom thane (30 mL, x 3). dried over magnesium sulfate and concentrated in vacuo to provide title 
compound as an oil (615 mg, 93%). 

D. [R-(R*,S*)}-2-[2-[[[3-[(Aminoiminomethyl)amino]propyllamino]methylh1-pyrrolidinylh2-oxo-1-(phenyl- 

methyl)ethyl]carbamic acid, phenylmethyl ester, trif luoroacetat (1 :3) salt 

Part C compound (615 mg, 1.40 mmol) was dissolved in absolut thanol (25 mL). to which 
amidinesulfonic acid (445 mg, 3.5 mmol) and triethylamine (560 uL. -4 mmol) were added and the mixture 
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left stirring 16 hours at room temperature. The mixture was filtered through a pad of celHe. The pad was 
washed with ethanol and the fittrate was concentrated to dryness. The crude material was purified by 
preparative HPLC (YMC S-10 ODS 50 x 500 mm column, eluting with 49 - 58% methanol in water, 
containing 0.1% TFA). Fractions containing title compound were combined and lyophilized to provide a 
5 white solid (620mg). 

E; [R-(Fr,S*)l-2-Amino-1 -[2-[3-[(aminoiminomethyl>amino]propyl]-1 -pynrolidiny ll-3-pheny 1-1 -propanon , 

trif luoroacetate (1 :3) salt 

70 The Part D TFA salt (-620 mg. ) was dissolved in methanol (30 mL)and treated with Pearlman*s catalyst 
(150 mg). The flask was equipped with a hydrogen filled balloon via a three-way stopcock. Air inside the 
flask was removed under reduced pressure and replaced with hydrogen from the balloon. This process was 
repeated three times. The mixture was stirred under the hydrogen atmosphere for 3 hours. The catalyst was 
removed by filtration through Celite and the filter pad was washed with additional methanol. The filtrate was 

75 freed of solvent in vacuo to give title compound which was dissolved in water (20 mL). passed through a 
millipore membrane and lyophilized to provide title compound as a white solid (507mg. 53% from Part C 
compound). Purity ^ 98%. 



20 


Analysis calcd for 2.90 TFA + 0.10 H2O: 






C. 42.10; 


H. 4,91; 


N. 12.38; 


F. 24.34. 




Found: 


C. 42.10 


H. 4.97;. 


N. 12.28; 


F. 24.41. 



Example 14 

[$-(R^S^^4-[(Amlnolminomethyl)amlno^N-[[1-(2-amino-1-oxo-3-phenylpropyl)-2-pyrrolidinyl]methyl^ 
butanamide, trifluoroacetate (1:1) salt 

A. [R-(R%$0hN-[[1-[2>[[(1.1-Dimethylethoxy)carbonyl]aminol-1-oxo-3-phenylpropyl>2-pynrolidinyl]meti^ 
[[(phenylmethoxy)carbonyl]amino]butanamide 

Example 6, Part B compound (694mg. 2.0 mmol) and Z-4-aminobutyric acid (478mg, 2.0 mmol) were 
dissolved in DMF (10 mL) at RT, HOBT (270mg, 2.0 mmol). WSC (382mg. 2.0 mmol) and NMM (500U.L) 
were added. The reaction was stirred for 16 h. diluted with ethyl acetate (50 mL) and washed with 10% 
KHSO4 (25 mL), saturated NaHCOs (25 mL) and saturated NaCI (30mL), dried over magnesium sulfate and 
concentrated in vacuo to provide titie compound (1.04g. 92%) as a viscous oil which was used without 
further purification. 

B. [R-(R*,S*)l-4-Anr)ino-N-[[1 -[2-[[(1 .1 <limethyletiioxy)carbonyl]aminoh1 -oxo-3-phenylpropyl>2-pynrolidinyl]- 
methyl]butanamide 

Part A compound (1.04g. 1.83 mmol) was dissolved in ethanol (100 mL) to which acetyl chloride 
(l50aL, 2 mmol) had been added and the mixture was treated with 10% palladium on carbon (400 mg). The 
flask was equipped with a hydrogen filled balloon via a three way stopcock. Air inside the flask was 
evacuated under reduced pressure and the flask was then filled with hydrogen from the balloon. This 
process was repeated three times. The mixture was stirred in the hydrogen atmosphere for 20 hours. The 
catalyst was then removed by filtration and the pad was washed with more ethanol. The solvent was 
removed in vacuo to give titie compound as a viscous oil (932mg, > 100%). The material was characterized 
by NMR and MS. The NMR indicated an appreciable amount of ethanol was trapped in the product 

C. [R-(R*,S*)]-4-[(Amlnoiminomethyl)amino]-N-[[1 -[2-[[(1 .1 -dimethylethoxy)carbonyl]aminol-1 -oxo-3-phenyl- 
propyl]-2-pyrrolidinyl]methyl]butanamide 

Part B BOC derivative (1.83 mmol) was dissolved in ethanol (50 mL). to which amidin sulfonic acid (318 
mg. 2.56 mmol) and triethylamine (690 uL, 4.94 mmol) were added. After 5 h the mixture was filtered 
through a pad of celite. The pad was washed with ethanol and the filtrate was concentrated to dryness to 
give the titie BOC compound which was carried on without purification. 
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D. [S-(R*,S*)H-[(Am!noiminomethyl)aminol-N-[[1 '(2-amino-1 -oxo-3-phenylpropyl)-2-pyrrolidinyi]methyl]- 
butanamide. trifluoroacetate (1 :1 ) salt 

Part C BOC derivative ( 1.83 mmol) was dissolved in TFA (10 mL) and stinred at RT 90 min. The TFA 
was removed by distillation under reduced pressure and by coevaporation with toluene. The crude mat rial 
was purified by preparative HPLC (YMC S-10 ODS 30 x 500 mm column, eluting with 38% methanol in 
water, containing 0.1% TFA). Fractions containing title compound were combined and lyophilized to provide 
a white solid (712mg. 61% from Part A compound). Purity ^ 98%. 
Md = -55.7« (c = 0.7, MeOH) 



IS 



Analysis calcd for 2.25 TFA + 0.10 H2O: 



Found: 



C, 44.60; 


H. 5.17; 


N, 13.28; 


C. 44.59; 


H. 5.43: 


N. 13.17; 



F. 20.26. 
F. 20.40. 



20 



Example 15 

[S-(R^S^}-^(Amino!minomethyl)amino}-N-[[1'■(2^[(methylsuifonyi)amino]-1-oxo-3-phenylpropyl]-2- 
pyrrolidinyl]methyl]butanamide, trifluoroacetate (1:1) salt 



25 



30 



35 



Part D compound (158 mg, 0.25 mmol) was dissolved in a mixture of dichloromethane (2 mL)and dist. 
THF (4 mL). The solution was treated with triethyl amine (140 uL) followed by dropwise addition of 
methanesulfonyl chloride (24 uL, 0.3 mmol). The mixture was stirred at room temperature for 4 hours and 
then treated with water (- 0.35 mL). The mixture was taken to dryness in vacuo . The crude material was 
purified by preparative HPLC to provide a white solid which was used to take NMR spectra The mat rial 
was recovered, dissolved in water (15mL). passed through a milllpore membrane and lyophilized to provide 
title compound as a white solid (126mg, 85%). 



Analysis calcd for 1.15 TFA + 0.60 H2O: 



Found: 



C, 45.05: 


H. 5.82; 


N. 14.14; 


F. 11.02; 


C, 45.34 


H, 5.71;, 


N. 13.75; 


F. 11.03: 



S, 5.39. 
5.50. 



40 



45 



50 
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Example 16 

[S■(R^S^}-4^^[[[1-(2-Am^no-1<>xo^3-phenylpropyl)-2-pynrolidinyl]methyl]amino3t>enzenecart^ 
trifluoroacetate (1 :2) salt 

A. ($)-2-Formyl-1-pyrrolidinecarboxylic acid, 1,1-dimethylethyl ester 

To a solution of oxalyl chloride (28mL. 56.2 mmol) in 14 mL dry CH2CI2 cooled at -78 (a dry ice 
acetone bath) was added 12 mL dry DMSO over 40 minutes. The reaction was stirred at -74 'C for 
additional 40 minutes and (S)-2-(hydroxymethyl)-1-pynroIidinecarboxylic acid, 1.1-dimethylethyl ester. (5.40 
g, 26.86 mmol) in 14 mL CH2CI2 was added dropwise at -65 'C over 30 minutes. The reaction stirred 
additional 20 minutes at room temperature and partitioned between Et20 and H2O. The EtgO layer was 
washed with more H2O (50 mL x 4) and the H2O layers was extracted with Et^O (40 mL x 3). All the EtaO 
layers was combined, washed with H2O, brine, dried over Na2S04 and concentrated in vacuo . The crud 
product was isolated by a silica-gel column using BOAc and hexane (1 :5 ratio) as an eluting solvent to give 
title compound (84% yield). 

B. ($)-2-[[(4-Cyanophenyl)amino]methyi]-1-pyrrolidinecarboxyiic acid, 1,1-dimethylethyl ester 

To a solution of Part A aldehyde. (2.0 g. 10.05 mmol) and 4-aminoben2onitrile. (1.3 g, 11.05 mmol) in 
dichloroethane (10 mL) was added acetic acid (844 ul, 14.07 mmol) dropwise at 0*C, followed by NaB- 
(AcO)3H (2.34 g, 1 1 .05 mmol). The Ice bath was removed and the reaction stirred at room t mperature for 1 
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hr. The reaction mixture was diluted with ethytacetate and hexane (1:1 ratio) and washed with H2 0 (20 mL), 
brine, dried over Ns^SO^. Th organic layer was concentrated in vacuo and isolated on a silica-gel column 
using CHCb / EtOAc (50:1 ratio) as an eluting solvent to give title compound (83% yield). 

5 C. (S)-4*[(2-Pynrolidinylmethyl)amino]benzenecart)oximidamide 

To a solution of Part B nitrite (1.36 g. 4.52 mmol) in dry EtOH was bubbled HCI gas at O^C for 10 
minutes. Sealed and stirred at room temperature for 72 hrs. The reaction was concentrated in vacuo and 
was redissolved in dry EtOH. NH3 gas was bubbled in the reaction until It is basic and the reaction was 
stirred at room temperature for 24 hrs and concentrated in vacuo to give title compound (quant yield). 



70 



75 



20 



25 



D. [S-(R*,S*)l-4-[[[1 -[2-[[(1 ,1 -Dimethylethoxy)carbonyl]aminol-1-oxo-3-phenylpropyll-2-pyrrolidinyl]methyll- 
aminolbenzenecartxjximidamide 

To a solution of L-6oc-phenylalanine (1.46 g. 5.50 mmol) and HOBT (743 mg, 5.50 mmol) in 26 mL 
DMF was added WSC (1.05 g, 5.50 mmol) and Part C compound (1.20 g, 5.50 mmol) . After 5 minut s. 
NMM (605 ul. 5.50 mmol) was added to adjust the pH to 7.5-8.0. The reaction was stirred at room 
temperature for 16 hrs and partitioned between EtOAc and H2O, The EtOAc layer was further washed with a 
sat. solution of NaHCOa. a sat solution of KHSO*, brine, dried over Na2S04 and concentrated in vacuo . 
The crude product was subjected to a Prep. HPLC to obtain title compound (42% yield). 

E. [S-(R^S*)}-4^[[[1-(2-Amino-1<>xo-3-phenylpropyl)-2-pynrolidinyl]methyi]amino]be^2eneca^boximid 
trif iuoroacetate (1 :2) salt 

To a solution of Part D compound (390 mg. 0.84 mmol) in 5 mL QH^Oh was added TFA at 0*C. 
Removed the ice bath and the reaction stirred at room temF>erature for 2 hrs. The reaction mixture was 
concentrated in vacuo and subjected to a Prep. HPLC to give title compound (68% yield). 



30 



Elemental analysis C2iH27H5O*2.10 TFA • 0.80 H2O 



Calc: 
Found: 



C, 48.87; 


H. 5.00; 


N. 11.31; 


C. 49.13; 


H. 4.68; 


N. 10.89; 



F, 19.33 
F, 19.40. 
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Example 17 

[S■(R^R^^4-[(Aminoiminomethyl)amino^N-[[1-[3-hydroxy-2-[[(7-methoxy-2-napthaienyl)sulfonyl]^ 
oxopropyl]-2-pyrrolidinyl]methyi]butanamide, trifluoroacetamide (1:1) salt 

A. [S-(R*,RT-1 -[2-(A2idomethyl)-1-pyrrolidinyll-2-[[(1 A -dimethyiethoxy)carbonyl]aminoh3-(phenylmethoxy>-1- 
propanone 



Example 1 Part A compound (2.1 3g. 9.4mmol) was dissolved in dichloromethane (5mL) and 
trifiuoroacetic acid (7mL) and stirred at RT 3 hours. The TFA and dichloromethane were removed by 
distillation under reduced pressure and by coevaporation with toluene to give the amine as a TFA salt. This 
and N-BOC-O-benzyl-L-serine (2.95g, 10 mmol) were dissolved in DMF (50 mL). HOBT (1.35g. 10 mmol), 
WSC (1.91g. lOmmol) and NMM (3.3mL, 30 mmol) were added. The reaction was stirred for 8 h at room 
temperature, diluted with ethyl acetate (50 mL) and satd. KHSO4 solution (30 mL). The layers were 
separated and the aqueous layer was reextracted with ethyl acetate (50 mL). The combined organic layers 
were washed with saturated sodium bicarbonate solution (30 mL)) and 10% lithium chloride solution (30 
mL). The ethyl acetate layer was dried over magnesium sulfate and concentrated in vacuo to provide title 
compound (3.87g, 100%) as an oil which was used without further purification. 

B. [$-(R*,R')h2-Amino-1-[2-(a2idomethyl)-l-pyaolidinyll-3-(phenylmethoxy)-l -propanone 

Part A BOC-azide ( 604 mg, 1.5 mmol) was dissolved in dichloromethane (1 mL) and TFA (2 mL) and 
stirred at RT 3 hours. Solvents w re removed by distillation under reduc d pr ssur and by coevaporation 
with toluene to give title amine as the TFA salt which was used in the next step. 
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C. [S^R*,R*)]-N-[2-[2-(A2idomethy -pyrrolidiny ll-2-oxo-1 -[(phenylmethoxy)methy llethyll-7-methoxy-2-naph- 
thalenesulfonamide 

The crude Part B TFA salt (1.5 mmol) was dissolved in dichloromethane (5 mL), cooled in an ice bath, 
5 and 7-methoxynapthene-2-sulfonyl chloride (384mg. 1,5 mnrtol) was added, followed by dropwise addition of 
triethylamine (2 mL). The solution was stirred cold f or 2 h before diluting witii ethyl acetate (30 mL). This 
solution was washed with IN HCl solution (lOmL), dried over magnesium sulfate and evaporated to provide 
crude titie sulfonamide. The crude product was chromatographed on silica gel and eluted with 20 and 30% 
EtOAc in hexane to provide title sulfonamide as a foam (536mg, 68% overall in two steps). 

D. [S-(R'',R>N-[2-[2-(Aminomethyl)-1 -pyrrolidinyl]-2-oxo-1 -[(phenylmethoxy)methyl]ethyll-7-methoxy-2-naph- 
thalenesulfonamide 

The Part C sulfonamide (536 mg, 1 mmol) was dissolved in absolute ethanol (15mL), and treated with 
75 10% palladium on carbon (105 mg). The flask was equipped with a hydrogen filled balloon via a three way 
stopcock. Air inside the flask was evacuated under reduced pressure and the flask was then filled with 
hydrogen from the balloon. This process was repeated three times. The mixture was stirred eight hours in 
the hydrogen atmosphere. The catalyst was then removed by filtration through a pad of MgSO^ and the pad 
was washed with ethyl acetate. The solvent was removed in vacuo to give titie compound as a light yellow 
20 oil (477 mg, 94%). 

E. [S-(R*,R*)]-N-[[1-[2-[[(7-Methoxy-2"naphthalenyl)$ulfonyl]amino]-1-oxo-3-(phenylmethoxy)propyl]-2-pyr- 
rolidinyl]methyl}-4-[[(phenylmethoxy)carbonyl]amino]butanamide 

25 Part D compound (477mg. 0.96 mmol) and Z-4-aminobutyric acid (237mg. 1.0 mmol) were dissolved in 

DMF (10 mL) at RT. HOBT (135mg, 1.0 mmol). WSC (191mg, 1.0 mmol) and NMM (330uL) were add d. 
The reaction was stirred for 5 h, diluted with satd KHSO* solution (15 mL) and water (15 mL). The product 
was extracted into ethyl acetate (2 x 20 mL) and washed with saturated NaHCOs (15 mL) and 10% UCI 
solution (l5mL), dried over magnesium sulfate and concentrated in vacuo . The crude yellow oil was 

30 chromatographed on silica gel. eluting with 50% EtOAc in hexane followed by 1-3% MeOH in EtOAc to 
provide titie compound as a foam (500mg, 73%). 



35 



40 



45 
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F. [S-(R*,RO]-4-Amino-N-[[1*[3-hydroxy-2-[[(7-metiioxy-2-naphthalenyl)sulfonyl]amino]-1-oxopropyl]-2-pyr- 
rolidinyl]methyl]butanamide 

Part E compound (500 mg, 0.71 mmol) was dissolved in ethanol (60 mL) to which acetyl chloride 
(2.5mL) had been added and the mixture was treated with 10% palladium on cart>on (200 mg) and 
hydrogenated at 55 psi for 24 h. The catalyst was removed by filtration and the residual catalyst was 
washed with EtOH. The filtrate was concentrated in vacuo to obtain titie des-t>enzyl. des-CBZ product. This 
was used without purification. 

G. [S-(R^R0M-[(Aminoiminomethyl)amino]-N-[[1-[3-hydroxy-2-[[(7-methoxy-2-naphthalenyl)sulfonyl]aJrnino]- 
1-oxopropylh2-pyrrolidinyl)methyllbutanamide, trifluoroacetamide (1:1) salt 

The Part F material (-0.71 mmol) was dissolved in ethanol (40 mL), to which amidinesulfonic acid (1 24 
mg, 1.0 mmol) and triethylamine (300 uL, 2.1 mmol) were added. After 16 h the mixture was concentrated 
to dryness. The crude material was purified by preparative HPLC (YMC S-10 ODS 50 x 500 mm column, 
eluting with 50% methanol in water, containing 0.1% TFA). Fractions containing clean title compound were 
combined and iyophiltzed to provide a white solid (167 mg. 35%), Purity Z 98%. 
[a]o = -62.8° (c = 0.5. MeOH) 





Analysis: Calcd for 1.15 TFA + 0.80 H2O: 


55 


Found: 


C, 46.44; 
C. 46.50; 


H. 5.45: 
H. 5.34;. 


N, 12.36; 
N. 12.23; 


F. 9.64; 
F. 9.52; 


S. 4.71. 
S. 4.85. 
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Example 18 

[R-(R^S^>N-[2-[2^[[[4^Aminoiminomethyl)phenyllamino]methyllpyrrolidinyl>^ 
methanesulfonamide, trifluoroacetate (1:1) satt 

To a solution of Example 18 compound (155 mg, 0^5 mmol) In 7 mL dry CH2CI2 and 3 mL THF was 
added Eta N (139 ml, 1 mmol), followed by methanesulfonyl chloride (46 ml. 0.58 mmol). The reaction was 
stin-ed at room temperature for 2 hrs and concentrated in vacuo . The crude product was subjected t a 
Prep. HPLC using 40 to 90% B for 45 minutes gradient. A= 90% H2 0/0.1% TFA; B = 90% CH3OH/0.1% 
TFA; column: YMC S-10 ODS (c = 18) to give title compound (69% yield). 



Elemental analysis C22H29N5O3S • 


1.25 TFA • 0.60 H2O 


Calc: 


C, 49.30: 


H. 5.31: 


11.73: 


F, 11.94 


Found: 


C, 49.10; 


H. 5.18; 


N. 11.53; 


F. 12.10. 



Example 19 

[1 (S),2Sh1 -(Aminoiminomethy l)-N-[[1 ■[3-hydroxy-2-[(2-naphthalenyi$ulfonyl)amino]-1 -oxopropyl]-2- 
pyrrolidinyl]methyl]-3-piperidinecarboxamide, trifluoroacetate (1:1) salt 

A. [S-(R*,R')]-N-[2-[2-(A2idomethyl)-1-pyrrolidinyi]-2-oxo-l-[(phenylmethoxy)methyl]ethyl>2-naphthalenesul- 
fonamide 

Example 17 Part A BOC-azide (3.85 mg, 9.55 mmol) was dissolved in trifluoroacetic acid (TFA) (20 ml) 
and stirred at RT 1.5 hours. The TFA was removed by distillation under reduced pressure and by 
coevaporation with toluene. The residue was dissolved in dichloromethane (100 mL), cooled in an ice bath, 
and triethylamine (4.0 mL. 28.7 mmol) and 2-naphthalene sulfonyl chloride (2.38g, 10.5 mmol) were added. 
The cooling bath was removed and the solution was stinred for 2 h. This solution was washed with KHSO4 
solution (25 mL x 2) and NaHCOa solution (25 mL x 2). dried over magnesium sulfate and evaporated to 
provide crude titie compound. The crude product was chromatographed on silica gel to provide title 
sulfonamide as an oil (2.597 g, 55%). 

B. [S-(R*.R')>N-[2-[2-(Aminomethyl)'1-pyrolidinyl]-2-oxo-1-[(phenylmethoxy)methyl]ethyl>2-naphthalenesul- 
fonamide 

The Part A azide (2.5g. 5 mmol) was dissolved in absolute ethanol (100 mL) and treated with 10% 
palladium on carbon (300 mg). The flask was equipped with a hydrogen filled balloon via a three way 
stopcock. Air inside the flask was evacuated under reduced pressure and the flask was then filled with 
hydrogen from the balloon. This process was repeated three times. The mixture was stinred overnight in the 
hydrogen atmosphere. The catalyst was then removed by filtration through Celite and the pad was washed 
with ethanol. The solvent was removed from the filtrate in vacuo to give title amine as a foam (2.236 g. 
96%). 

C. 1 ,3-Piperidinedicarboxylic acid, 1-(phenylmethyl)ester 

Benzyl chloroformate (4 mL) was added dropwise to a cooled (0-5 • C). stirred solution of piperidine-3- 
carboxylic acid (1.03 g. 8 mmol) in 1 N aqueous NaOH solution (25 mL). During the twenty minute addition, 
the pH was maintained between 8 and 9 by addition of 1 N NaOH solution. After addition was complete, the 
mixture was stirred cold for an additional hour, maintaining the pH thoughout tiiis period. The reaction 
mixture was then xtracted with ether (2 x 40 mL). The ether extracts were discarded and the aqueous layer 
was acidified with 1 N HCI solution. The acidified aqueous layer was th n xtracted with dichloromethane (2 
x 40 mL). The combined xtracts were dried over magnesium sulfate and concentrated in vacuo to give titie 
acid as a viscous oil (1.73 g, 82%). 
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D. 3-[[[[(S)-1-[(S)-2^(Naph1halenylsulfonyl)aminoh1-oxo-3-(phenylmethoxy)propylh2-py^ 
amino]carbonyll-1-piperidinecaffaoxylic acid, phenylmethyl ester 

Part B amine (820mg. 1.75 mmol. and Part C acid (526mg, 2.0 mmol) were dissolved in DMF (20 mL) 
5 at RT. HOBT (270mg, 2 mmol). 4-methyl morphollne (1.5 mL) and WSC (400m9. 2 mmol) were added. The 
reaction was stirred ovemiglit at room temperature. The mixture was then diluted with ethyl acetat (50 
mL), satd KHSO4 solution (10 mL) and water (20 mL). The layers were separated and the aqueous layer 
was extracted with ethyl acetate (50 mL). The combined organic layers were washed with satd NaHCOa 
solution (20 mL) and 10% lithium chloride solution (2 x 20 mL). dried over magnesium sulfate and 
to concentrated in vacuo The crude yellow foam was chromatographed on silica gel, elating with 50% EtOAc 
in hexane followed by 75% EtOAc in hexane and finally with BOAc to provide title sulfonamide as a foam 
(1.03 g. 82%). 



15 



20 



2S 



30 
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E. N-[[(S)-1-[(S)-3-Hydroxy*2-[(naphthalenylsulfonyl)aminoh1-oxopropyl}-2-pynrolidinyllmethyl>3- 

piperidinecarbamide 

Part D compound (1.0 g. 1.4 mmol) was dissolved in ethanol (100 mL) to which acetyl chloride (2.0 mL) 
had been added and the mixture was treated with 10% palladium on cart>on (300 mg) and hydrogenated at 
55 psi for 44 h. The catalyst was removed by filtration and the pad was washed with EtOH. The filtrate was 
concentrated in vacuo to obtain crude amine hydrochloride salt. 

F. [1 (S),2S1-1 -(Aminoiminomethyl)'N-[[1 -[3-hydroxy-2-[(2-naphthalenylsulfonyl)amino]-1 -oxopropyi]-2-pyr- 
rolidlnyl]methyl]-3-piperidenecarboxamide, trifluoroacetate (1:1) salt 

The crude Part E amine was dissolved in dimethylformamide (3 mL). H-pyrazole-1 -carboxamidine (226 
mg. 1.54 mmol) and diisopropylethyl amine (540 uL. 3.1 mmol) were added. The mixture was stirred over a 
weekend at room temperature. Ether (15 mL) was then added. Gummy material precipitated. The ether was 
decanted and the precipitate was washed with more ether. The gummy material was dissolved In methanol 
and taken to dryness in vacuo . The remaining material was purified by preparative HPLC (YMC S-10 ODS 
50 X 500 mm column, eluting with 50% methanol in water, containing 0.1% TFA). Fractions containing clean 
title compound were combined and lyophilized to provide a white solid which was used to obtain NMR 
spectra, recovered, dissolved in water (20 mL) and relyophilized to give title compound (399 mg. 42%), 
Purity S 98%. 

[ah = -36.3- (c = 0.6, MeOH) 



40 



Analysis: Calcd for 1.25 TFA + 0.1 H2O: 



Found: 



C. 48.94; 


H. 5.29; 


N. 12.45; 


F, 10.56; 


C. 49.03; 


H, 5.30;. 


N. 12.27; 


F. 10.47; 



S, 4.75. 
S. 4.66. 



45 



SO 
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Example 20 

[S-(R',R*)h1 ■(Aminoiminomethyl)'N'[[1 -I3-hydroxy-2-[(2-naphthalenylsulfonyl)aminoh1 -oxopropyl]-2- 
pyrrolidinyl]methyl]-4-piperidinecarboxamide. trifluoroacetate (1:1) salt 

A. 1,4-Piperidinedicarboxylic acid. 1 -(phenylmethyl) ester 

Benzyl chloroformate (4 mL) was added dropwise to a cooled (0-5 •C), stirred solution of piperidine-4- 
carboxylic acid (1.03 g. 8 mmol) in 1 N aqueous NaOH solution (25 mL). During the twenty minute addition, 
the pH was maintained between 8 and 9 by addition of 1 N NaOH solution. After addition was complete, th 
mixture was stirred cold for an additional hour, maintaining the pH thoughout this period. The reaction 
mixture was then extracted with ether (2 x 40 mL). The ether extracts w r discarded and th aqu ous layer 
was acidified with 1 N HCI solution. The acidifi d aqueous layer was then extracted with dichloromethane (2 
x 40 mL). The combined extracts were dried over magnesium sulfat and concentrated in vacuo to give title 
acid as a viscous oil (2.0 g. 95%). 
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B. [S-(Fr. R>4-[[[[1-[2-[(Naphthalenylsutfonyl)aminoh1-oxo-3-(phenylmemoxy)prDpylh2-py 
amino]caitw3nyl]-1-piperidinecarboxylic acid, phenylmethyl ester 

Example 19, Part B amine (820mg. 1.75 mmol) and Part A add (526mg, 2.0 mmol) were dissolved in 
DMF (20 mL) at RT. HOBT (270mg. 2 mmol), 4-methyl morpholine (1.5 mL) and WSC (400mg, 2 mm I) 
were added. The reaction was stinred overnight at room temperature. The mixture was then diluted with 
ethyl acetate (50 mL), satd KHSO* solution (10 mL) and water (20 mL). The layers were separated and the 
aqueous layer was extracted with ethyl acetate (50 mL). The combined organic layers were washed with 
satd NaHCOa solution (20 mL) and 10% lithium chloride solution (2 x 20 mL), dried over magnesium sulfate 
and concentrated in vacuo . The crude yellow foam was chromatographed on silica gel, eluting with 50% 
EtOAc in hexane followed by 75% EtOAc in hexane and finally with EtOAc to provide title sulfonamide as a 
foam (980 mg, 78%). 

9: [S-(R\R^l-N-[[1-[3-Hydroxy-2-[(naphthalenylsulfonyl)amino>1-oxopropyl>2-pyrrolidinyllmethyl]^ 

piperidinecarbamide 

Part B compound (970 mg. 1.36 mmol) was dissolved in ethanol (100 mL) to which acetyl chloride (2.0 
mL) had been added and the mixture was treated with 10% palladium on cart>on (400 mg) and 
hydrogenated at 55 psi for 30 h. The catalyst was removed by filtration and the pad was washed with EtOH. 
The filtrate was concentrated in vacuo to obtain crude title compound. 

2: [S-(R*,R1H -(AminoiminomethyP-N-rri -[3-hydroxy-2-[(2-naphthalenylsulfonyl)amino]-1 -oxopropy l>2-pvr- 

rolidinyi]methyl]-4-piperidenecartx)xamide, trifluoroacetate (1:1) salt 

The crude Part C amine was dissolved in dimethylformamide (3 mL). H-pyrazole-1-carboxamldine (226 
mg, 1.54 mmol) and diisopropylethyl amine (540 uL 3.1 mmol) were added. The mixture was stirred over a 
weekend at room temperature. Ether (15 mL) was then added. Gummy material precipitated. The ether was 
decanted and the precipitate was washed with more ether. The gummy material was dissolved in methanol 
and taken to dryness jn vacuo . The remaining material was purified by preparative HPLC (YMC S-10 ODS 
50 x 500 mm column, eluting with 50% methanol in water, containing 0.1% TFA). Fractions containing clean 
title compound were combined and lyophilized to provide a white solid (33269-139-26) which was used to 
obtain NMR spectra, recovered, dissolved in water (20 mL) and relyophilized to give title compound (264 
mg. 29%). Purity ^ 98%. 
ta]D = -45.4° (c = 0.6. MeOH) 



Analysis: Calcd for 1.25 TFA + 0.1 H2O: 





c. 


48.94; 


H. 5.29; 


N, 12.45; 


F. 10.56; 


S. 4.75. 


Found: 


c. 


49.12; 


H, 5.42;. 


N. 12.45; 


F. 10.62; 


S. 4.82. 



Example 21 

N-[(S)-2-[(S)-2-[[[[1-(Aminoiminomethyi)-3-piperidrnyl]acetyl]amino]methylhl-pyn^oli^ 
2-oxoethyl]-2-naphthalenesulfonamide, trifluoroacetate (1 :1 ) salt 

A. [S-(R'.R')>N-[2-[2-(Az idomethvl)-1-pyrrolidinyi]-2-oxo-1-[(phenylmethoxv)methyl]ethvn-2-naphthalene sul- 
fonamide 

Example 17. Part A BOC-Azide (3.85 mg. 9.55 mmol) was dissolved in trifluoroacetic acid (TFA) (20 
mL) and stirred at RT 1.5 hours. The TFA was removed by distillation under reduced pressure and by 
coevaporation with toluene. The residue was dissolved in dichloromethane (100 mL). cooled in an ice bath, 
and triethylamine (4.0 mL. 28.7 mmol) and 2-naphthalene sulfonyl chloride (2.38g. 10.5 mmol) were added! 
The cooling bath was removed and the solution was stin-ed for 2 h. This solution was washed with KHSO4 
solution (25mL x 2) and NaHCOs solution (25m L x 2). dried over magnesium sulfate and evaporated to 
provide crude title compound. The crude product was chromatographed on silica gel and eluted with 30 and 
50% EtOAc in hexane to provide title sulfonamide as an oil (2.597 g. 55%). 
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B. [S-(Fr,R*)hN-[2-[2-(Aminomethy -pyrrolidinyll-2-oxo-1 -[(phenylmethoxyjmethy llettiyil-2-naphthalenesui- 
fonamide 

The Part A azide (2.5g. 5 mmol) was dissolved in absolute ethanol (100 mL) and treated with 10% 
5 palladium on carbon (300 mg). The flask was equipped with a hydrogen filled t>atloon via a three way 
stopcock. Air Inside the flask was evacuated under reduced pressure and the flask was then filled with 
hydrogen from the balk>on. This process was repeated three times. The mixture was stinred overnight in the 
hydrogen atmosphere. The catalyst was then removed by filtratton through Celite and the pad was washed 
with ethanol. The solvent was removed from the filtrate in vacuo to give title amine as a foam (2.236 g. 
10 96%). 

C. 1-[(Phenylmethoxy)carbonyl>3-plperidineacetic acid 

Platinum oxide (300 mg. Alfa) was added to a solution of 3-pyridyl acetic add (3.3g. 24.08 mmol) In 
TS water (120 mL) and cone. HCI (2.5 mL). The solution was hydrogenated at up to 50 psi of H2 pressure for 
6.5 hrs. The catalyst was removed by filtration through a p>ad of Celite and the pad was washed with more 
water. The stirred aqueous solution of the 3-piperidine acetic acid was cooled (0-5 * C) and treated with 5 N 
aqueous NaOH solution (20 mL). Benzyl chloroformate (4 mL) was added dropwise to the cooled, stirred 
solution. During the ten minute addition, the pH was maintained t>etween 10 and 12 by addition of NaOH 
20 solution. After one hour the reaction mixture was extracted with ether (2 x 100 mL), The ether extracts were 
discarded and the aqueous layer was acidified with 2 N HCI solution. The acidified aqueous layer was then 
extracted with ethyl acetate (2 x 100 mL). The combined extracts were dried over magnesium sulfate and 
concentrated in vacuo to give title compound as an oil (7.0 g, contained EtOAc). 

25 D. N-[(S)-2-Oxo-2-[(S)-2-[[[[1 -[(pheny lmethoxy)carbony l]-3-piperidinyllacetyl]aminolmetiiyl>1 -pyn-olidinyl}-1 - 
[(phenylmethoxy)methyl]ethyl]-2-naphthalenesulf6namide 

Part 8 amine (820mg. 1.75 mmol), and Part C acid (554mg. 2.0 mmol) were dissolved in DMF (20 mL) 
at RT. HOBT (270mg, 2 mmol). 4-methy! morpholine (1.5 mL) and WSC (400mg. 2 mmol) were added. The 
30 reaction was stirred 24 hours at room temperature. The mixture was then diluted with aqueous KHSO* 
solution and extracted with ethyl acetate (2 x 75 mL). The combined organic layers were washed with satd. 
NaHCOa solution (30 mL). dried over magnesium sulfate and concentrated in vacuo . The crude yellow foam 
was chromatographed on silica gel. eluting with 50% EtOAc in hexane. followed by 75% EtOAc in hexane. 
EtOAc and finally with 2% MeOH in EtOAc to provide titie compound as a colorless oil (900mg. 71%). 

35 

E; N-[(S)-1-(Hydroxymethyl)-2<>xo-2-[($)-24[[[1-[(phenylmethoxy)carbonyi]-3-piperidinyl]acetyl]a^ 

methyll-1 -pyrrolidinyl]ethyl]-2-naphthalenesulfonamide, hydrochloride 

Part D compound (900mg. 1.24 mmol) was dissolved in ethanol (100 mL) to which acetyl chloride (2.5 
40 mL) had been added and the mixture was treated wrth 10% palladium on carbon (250 mg) and 
hydrogenated at 55 psi for 24 h. The catalyst was removed by filtration and the pad was washed with EtOH. 
The filtrate was concentrated in vacuo to obtain crude title compound which was used without purification. 

F; N-[(S)-2-[(S)-2-[[[[1 -(AminoiminomethyO-S-piperidinyllacetyllaminolmethylhl -pyrrolidiny l]-1 -(hydrox- 

45 ymethyl)-2-oxoethyl}-2-naphthalenesulfonamide, trifluoroacetate (1:1) salt 

The crude Part E amine was dissolved in dimethylformamide (3 mL). H-pyrazoIe-l -carboxamidine (226 
mg, 1.54 mmol) and diisopropyletiiyl amine (536 uL. 3.1 mmol) were added. The mixture was stirred 3 days 
at room temperature. Ether (15 mL) was then added. Gummy material precipitated. The ether was decanted 
so and the precipitate was washed with more ether. The gummy material was dissolved in methanol and taken 
to dryness in vacuo . The remaining material was purified by preparative HPLC (YMC S-10 CDS 50 x 500 
mm column, eluting with 49% methanol in water, containing 0.1% TFA). Fractions containing clean title 
compound were combined and lyophllized to provide a white solid (283 mg. 33%), Purity Z 98%. 
[ah = -39.2« (c = 0.7. MeOH) 
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Analysis: Calcd for 1^ TFA + 0.4 HzO: 


Found: 


C, 49.53; 
C, 49.54; 


H. 5.56; 
H, 5.60; 


N. 12.20; 
N, 12.16; 


F. 9.93; 
F. 10.16; 


S. 4.66 
S. 4.79 
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Example 22 

[S-(R*,R*)]-N-[2-[2-[[[[1 -(Aminoiminomethyl>-4-piperidinyl]acetyl]arnino]methyl]-1 -pyn-olidinyll-l - 
(hydroxymethyl)-2-oxoethyll-2-naphthalenesulfonafnide. trifluoroacetate (1:1) salt 

A. 1-[(Phenylmethoxy)carbonyl]-4'piperidineacetic acid 

Platinum oxide (300 mg. Alfa) was added to a solution of pyridyt-4-acetic acid, hydrochloride (3.3g. 19 
mmol) in water (120 mL). The solution was hydrogenated at up to 50 psi of H2 pressure for 17 hrs. The 
catalyst was removed by filtration through a pad of Celite and the pad was washed with more water. The 
stirred aqueous solution of the piperidine-4-acetic acid was cooled (05 * C) and treated with 5 N aqueous 
NaOH solution (15 mL) to pH 12. Benzyl chloroformate (4 mL) was added dropwise to the vigorously stirred 
cooled solution. After one hour (maintaining the pH at 10 to 12), the reaction mixture was extracted with 
ether (2 x 100 mL). The ether extracts were discarded and the aqueous layer was acidified with 2 N HCI 
solution (50 mL). The acidified aqueous layer was then extracted with ethyl acetate (2 x 75 mL). The 
combined extracts were dried over magnesium sulfate and concentrated in vacuo to give title compound as 
a white solid (4.53 9. 86% yield). 

[S-(R^R^]-N-[2^0xo^2-[24[[[1-[(phenylmethoxy)carbonyl]-4-piperidiny^]acetylla^ 

rolidinyll-1-[(phenylmethoxy)methyllethyl]-2-naphthalenesutfonamide . 

Example 21 amine (820 mg. 1.75 mmol) and Part A acid (554mg. 2.0 mmol) were dissolved in DMF (20 
mL) at RT. HOST (270mg, 2 mmol), 4-methy! morpholine (1 .5 mL) and WSC (400mg. 2 mmol) were added. 
The reaction was stirred 24 hours at room temperature. The mixture was then diluted with aqueous KHSO+ 
solution (30 mL) and extracted with ethyl acetate (2 x 75 mL). The combined organic layers were washed 
with satd. NaHCOa solution (50 mL), dried over magnesium sulfate and concentrated in vacuo . The crude 
yellow foam was chromatographed on silica gel. eluting with 50% EtOAc in hexane, followed by 70% EtOAc 
in hexane. EtOAc and finally with 2% MeOH in EtOAc to provide title compound as a colorless oil (1 .0 g, 
79%). 

C. [S(R^R^^N-[1-(Hydroxymethyl)-2<^xo-2-[2^[[[1-[(phenylmethoxy)carbonyl]-4-p^peridiny^^^ 
methylhl -pyrrolidinyllethyl]-2-naphthalenesulfonamide, hydrochloride 

Part B compound (1 .0 g, 1 .377 mmol) was dissolved in ethanol (1 00 mL) to which acetyl chloride (2.5 
mL) had been added and the mixture was treated with 10% palladium on carbon (250 mg) and 
hydrogenated at 55 psi for 48 h. The catalyst was removed by filtration and the pad was washed with EtOH. 
The filtrate was concentrated m vacuo to obtain crude title compound which was used without purification. 

D. [S-(R^R0^N-[2-[2-[[[[1-(Aminoiminomethyl)^4-piperidinyl]acetyl]amino]methyl]-1-pyrro^ 
ymethyl)-2-oxoethyl]-2-naphthalenesulfonamide. trifluoroacetate (1:1) salt 

The crude Part C amine was dissolved in dimethylformamide (DMF) (3 mL). H-pyrazole-1-carbox- 
amidine (226 mg. 1.54 mmol) and diisopropylethyl amine (536 uL, 3.1 mmol) were added- The mixture was 
stirred 4 days at room temperature, following the course of the reaction by TLC and HPLC during this time. 
Ether (15 mL) was then added. Gummy material precipitated. The ether was decanted and the precipitate 
was washed with more ether. The gummy material was dissolved in methanol and taken to dryness in 
vacuo . The remaining material was purified by preparative HPLC (YMC S-10 ODS 50 x 500 mm column, 
eluting with 47% methanol in water, containing 0.1% TFA). Fractions containing clean title compound were 
combined and lyophilized to provide a white solid. (344 mg, 40%), Purity ^ 98%. 
[a]o = -41.5° (c = 0.6, MeOH) 
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Analysis: Calcd for 1 2, TFA + 1 .0 H2O: 



Found: 



C. 48.76: 


H. 5.65: 


N. 12.01; 


F.9.78: 


C, 48.76: 


H. 5.58: 


N. 12.06: 


F. 9.63: 



S, 4.58. 
S, 4.73 



Example 23 

[S-(iy,R*)l-N-[2-[2-[[[5-[(Aminoiminomethyl)aminol-1 -oxopentyl]amino]methyl]-1 -pynrolidinyl>1 ■ 
(hydroxymethyi>-2-oxoethyl]-2-naphthalenesulfonamide, trifluoroacetate (1 :1 ) salt 

Following the procedure of Examples 1 and 2 except substituting in Example 1, Part C N-CBZ-5- 
aminopentanoic acid for N-CBZ-4-aminobutyric acid, the title compound was obtained. The crude material 
was purified by preparative HPLC (YMC S-10 ODS 50 x 500 mm column, eluting with 51% methanol in 
water, containing 0.1% TFA). Fractions containing clean titie compound were combined and lyophilized to 
provide a white solid (199 mg. 46%). Purity ^ 98%. 
[a]D = -43.5° (C = 0.6. MeOH) 



Analysis: Calcd for 1.0TFA + 0.70 H2O: 





C. 48.40; 


H. 5.69; 


N. 13.02; 


F. 8.83; 


S. 4.97 


Found: 


C. 48.42; 


H. 5.60: 


N. 12.84; 


F. 9.03; 


S. 4.79 



Example 24 

[S-(R*,R')]-N-[2-[2-[[[6-[(Aminoiminomethyl)amino]-1 -oxohexyllaminojmethyll-l -pyrrolidinyl]-1 - 
(hydroxymethyl)-2-oxoethyn-2-naphthalenesulfonamide. trifluoroacetate (1 :1 ) salt 

Following the procedure of Examples 1 and 2 except substituting N-CBZ-6-amirK)hexanoic acid for N- 
CBZ-4-aminobutyric acid, the title compund was prepared. The crude material was purified by preparative 
HPLC to provide a white solid (160 mg). Purity ^ 98%. [ak = -44.3 ° (c = 0.5. MeOH) 



Analysis: Calcd for 1.0TFA + 1.60 H2O: 





C. 48.01; 


H, 6.00; 


N. 12.44; 


F. 8.44; 


S. 4.75 


Found: 


C. 48.33; 


H. 5.70; 


N. 11.92; 


F. 8.18; 


S. 4.71 



Example 25 

[1S[2R'(3R^lhN-[2-[2-[[[[1-(Aminoiminomethyl)-3-piperidinyllcarbonyl]amino]methylh1-pyrr 
(hydroxymethyl)-2-oxoethyl]-2-naphthalenesulfonamide. trifluoroacetate (1:1) salt 

A. (S)-3-Piperidinecarboxylic acid> ethyl ester, D-tartrate salt 

Ref: Johnston. G.A.R. et al. J Neurochemistry. 1976. Vol 26. pp,1 029-1 032. 

Ethyl nipecotate (50g. 318mmol) and D-tartaric acid (47.74g, 318 mmol)were dissolved in hot abs. 
ethanol (250 mL). A very small amount of insoluble material was removed by filtration through a pad of 
Celite. The filtrate gave crystalline mat rial on cooling. This was harvested and recrystallized ight tim s 
from absolute ethanol to give title compound as a white solid (-27g). m.p. 155-156* C, [ojaes = -200.7° (c 
= 2.0, 0.2% aqueous ammonium molybdat ). 

B. (S)-1-[(Phenylmethoxy)carbonyl]-3-piperidinecartx)xylic acid 

The Part A tartrate salt (1 .Og) was dissolved in water (5 mL) and a solution of potassium carbonate was 
added to bring the pH to 9. The solution was cooled in an ic water bath and eth r (5 mL) was added. 
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Benzyl chloroformate (0.5 mL) was added dropwise to the well stirred solution. During the addition^ the pH 
was maintained between 8 and 9 by addition of potassium carbonate solution. After addition was complete, 
the mixture was stirred cold for an additional 1.5 hours, maintaining the pH thoughout this period. The 
layers were separated and the aqueous was reextracted with ether. The combined ether layers were dried 

5 over magnesium sulfate and concentrated in vacuo . The ethyl ester obtained was purified on silica gel, 
eluting with 25% ethyl acetate in hexane. The purified material (930 mg) was dissolved in methanol (8 mL) 
and treated with 1 N NaOH solution (4 mL). After stirring at room temperature two hours, the methanol was 
removed in vacuo . The aqueous solution was acidified with 1 N HCI and the acid was extracted into ethyl 
acetate (2 x 10 mL). The combined extracts were dried over magnesium sulfate and concentrated in vacuo 

70 to give title compound as a crystalline solid. (773 mg), [a]o = +49.9** (c = 1.4. MeOH). The optical purity 
of this material was determined by coupling some of this material with (S)-(-)-a-methyl-ben2ylamine. The 
material obtained was submitted to the analytical HPLC group for determination of purity and was found to 
be 97.6 %. (e.e. = 95.2). 

15 C. IlS[2R*(3R0l>N42-[2-[[[[1-(Aminoiminomethyl)-3-piperidinyl]cartx>nyl]amino]methyl]-1-py^^ 
(hydroxymethyl)-2-oxoethyl>2-naphthalenesulfonamide, trifluoroacetate (1:1) salt 

Following the procedure of Example 19, the title compound was prepared using the Example 19, Part B 
amine and the nonracemic Part B acid to give the crude product which was purified by preparative HPLC 
20 (360 mg. 46.4%). Purity ^ 98%. 
Wd = -15.1*> (c = 0.7. MeOH) 



25 



Analysis: Calcd for 1 .20 TFA + 0.4 H2O: 



Found: 



C, 48.78: 


H, 5-38; 


N. 12.46; 


F. 


10.14; 


C. 48.71; 


H, 5.50;. 


N. 12.43; 


F. 


10.12; 



S. 4.75. 
S. 4.78. 
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Example 26 

[1 S[2R*(3S*)]]-N-[2-[2-[[[[1 -(Amlnoiminomethyi)-3-plperidinyl]carbonyl]amino]methyl}-1 -pyrrolidinyi^1 - 
(hydroxymethyl)-2-oxoethyl]-2-naphthalenesuifonamide, trifluoroacetate (1:1) salt 

A. (R)-3-Piperidinecarboxylic acid, ethyl ester. L-tartrate salt 

Ref: Johnston. G.A.R. et al. J Neurochemistry. 1976. Vol. 26. pp.1 029-1 032. 

Ethyl nipecotate (50g. 3l8mmol) and L-tartaric acid (47.74g. 318 mmol)were dissolved in hot abs. 
ethanol (200 mL). Crystalline material was deposited on cooling. This was harvested and recrystallized 11 
times from absolute ethanol to give title compound as a white solid (-26g). m.p, 155-156* C. [abcs = 
+202.5° (c = 2.0, 0.2% aqueous ammonium molybdate). 

B. (R)-1-[(Phenylmethoxy)carbonyl3-3-piperidinecarboxylic acid 

The Part A tartrate salt (l-Og) was dissolved in water (5 mL) and a solution of potassium carbonate was 
added to bring the pH to 9. The solution was cooled in an ice water bath and ether (5 mL) was added. 
Benzyl chloroformate (0.5 mL) was added dropwise to the well stin-ed solution. During the addition, the pH 
was maintained between 8 and 9 by addition of potassium carbonate solution. After addition was complete, 
the mixture was stirred cold for an additional 1.5 hours, maintaining the pH throughout this period. The 
layers were separated and the aqueous was reextracted with ether. The combined ether layers were dried 
over magnesium sulfate and concentrated in vacuo . The ethyl ester obtained was purified on silica gel, 
eluting with 25% ethyl acetate in hexane. The purified material (971 mg) was dissolved in methanol (8 mL) 
and treated with 1 N NaOH solution (4 mL). After stirring at room temperature two hours, th methanol was 
removed in vacuo . The aqueous solution was acidified with 1 N HCI and th acid was xtracted into ethyl 
acetate (2x10 mL). Th combined extracts were dried over magnesium sulfate and concentrated in vacuo 
to give title compound as a crystalline solid. (881 mg). [ah = -49.6** (c = 1.4. MeOH). The optical purity of 
this mat rial was determined by coupling some of this material with (S)-(-)-a-methyl-benzylamine. The 
material obtained was submitted to the analytical HPLC group for determination of purity and was found to 
be 97.3 %, (e.e. = 94.6). 
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C. [lS[2iy(3S01hN-[2^2-[[[[HAminoiminomethyl)-3-piperidinyl]^^ 
(hydroxymethyl)-2-oxoethylh2-naphthal nesutfonamide. tntluoroacetate (1:1) salt 

The title compound was prepared employing the procedure of Example 19 using Example 19, Part B 
amine and nonracemic Part B add to give the caide product which was purified by preparative HPLC (133 
mg, 32 %), Purity ^ 98%. 
[ab = -60.9*> (c = 0.6, MeOH) 



Analysis: Calcd for 1.05 TFA + 1.1 H2O: 



Found: 



C. 48.57; 


H. 5.60; 


N, 12.54; 


F, 853; 


C. 48.52; 


H. 5.44; 


N. 12.31; 


F.8.82; 



S. 4.78. 
S, 4.82. 



Example 27 

[S-(R^R*)^N-[2-[2^[I[7-[(Aminoimi^omethyl)amino^1K)xoheptyl]amino]methyl^1 -pyrrol! 
(hydroxymethyl)-2-oxoethyl]-2-naphthalenesulfonamlde, trifluoroacetate (1:1) salt 

The title compound was prepared employing the procedure of Example 1 and 2 except that N-CBZ-7- 
aminoheptanoic acid was employed in place of N-CBZ-4-aminobutyric acid. The crude material was purified 
by preparative HPLC to give (276 mg). 
Purity Z 98%. 

[ah = -42.3 ^ (c = 0.6. MeOH) 



Analysis: Calcd for 1.05TFA + 0.60 H2O: 



Found: 



C, 49.84; 


H. 5.99; 


N. 12.41; 


F. 8.84; 


C. 49.77: 


H. 5.91 ; 


N, 12.34; 


F. 8.78; 



S. 4.73. 
S. 4.93. 



Example 28 

[S-(R*,R*)]-4'(Aminomethyi)-N-[[1-[3-hydroxy-2-[(2-naphthalenylsulfonyl)aminol-1-oxopropyll-2*pyrrolidinyl]- 
methyllbenzamide, trifluoroacetate (1 :) salt 



A. 




HO 



A. (1) 



^ o 
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To a stirred solution of 1-BOC-2-(methyl-azide)pyrrolidine (12.54 g, 55.5 mmol) (prepared employing a 
procedure similar to that descrit)ed in Example 1 Part A) in 10 mL of dry dichtoromethane at 0*C was 
added a solution of 4N HCI in dioxane (25.0 mU 100 mmol). The solution was stirred at room temperature 
for 2.5 h and concentrated in vacuo to give a crude amine as an oil. To a stirred solution of this amine. N- 

5 BOC-L-serine (11.4 g, 55.5 mmol) and 1-hydroxybenzotriazole monohydrate (9.37 g, 55.5 mmol) in 240 mL 
of DMF was added in order N-methylmorpholine (18.3 mL, 167 mmol) cuid ethyl 3-(3-dimethyl amino)propyl 
carbodiimide hydrochloride (10.6 g, 55.5 mmol). The reaction solution was stirred at room temperature for 
19 h and concentrated under pump vacuum at 45 *C. The residue was dissolved In 1 L of EtOAc and 
washed with 5%KHS04 solution (3x0.5 L), saturated NaHCOs solution (2x0.5 L) and brine (1x0.5 L). The 

TO EtOAc layer was dried (MgS04), filtered and concentrated in vacuo to give 14.4 g (83%) of title A(1) amide. 



A. (2) 

20 

To a stirred solution of Part A(1) amide (14.3 g. 45.9 mmol) in 20 mL of dry dichloromethane at O'C 
was added a solution of 4N HCI in dioxane (40.0 mL, 160 mmol). The solution was stirred at room 

25 temperature for 2 h an6 concentrated in vacuo to give a crude amine as an oil. To a stirred solution of this 
amine and triethylamine (15.4 mL« 110 mmol) in 100 mL of dry dichloromethane at 0*C was added 
dropwise a solution of 2-naphthalenesulfonyl chloride (10.9 g, 48.2 mmol) in 60 mL of dry dichloromethane 
over 40 min. The reaction was stirred at 0*C for 1 h and at room temperature for 2 h. The solution was 
diluted with 1 L of dichloromethane and washed with IN HCI solution (3x0.5 L). saturated NaHCOs solution 

30 (2x0.5 L) and brine (1x0.5 L). The dichloromethane layer was dried (MgSOA). filtered and concentrated in 
vacuo . This was triturated in EtOAc-hexane to give 1 1 .5 g of titie A(2) azide. The triturant was concentrated 
in vacuo and chromatographed on silica gel to give 12,9 g of title A(2) azide. 



HH3 



45 To a stirred solution of Part A(2) azide (1 1 .2 g, 27.8 mmol) in 300 mL of EtOH and 600 mL of methanol 

was added 10%Pd/C (2.24 g). The atmosphere was replaced with hydrogen and the reaction mixture stirred 
at room temperature for 17 h. The catalyst was filtered off through a 4 uM polycart>onate film eind rinsed 
with methanol (3x100 mL). The filtrate was concentrated in vacuo to give 9.9 g (94%) of crude titie A amine. 
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A. (3) 
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To a solution of 4'(aminomethyl)benzoic acid (10.33 g. 68.3 mmol) in ethanol (137 mL) and water (68 
mL) were added aqueous NaOH (10 M. 7.6 mL, 76.0 mmol) and di-tert-butyl dicait»onate (16.48 g, 75.5 
mmol). After 24 the reaction mixture was concentrated in vacuo . The residue was dissolved in EtOAc and 
75 10% aqueous KHSO4, the layers separated, and the aqueous layer was extracted with EtOAc. The organic 
layers were combined, dried over Na2S04, filtered and concentrated in vacuo to give title compound (16.88 
g, 98%) as a colorless solid. 



20 C. 



25 




To a solution of Part B acid (0.23 g, 0.93 mmol) and l-hydroxybenzotriazole hydrate (0.13 g, 0.94 
35 mmol) in DMF (2.8 mL) at O^C was added ethyl-3-(3-dimethylamino)propyl carbodiimide.HCI (0.17 g, 0.91 
mmol). After 0.5 h. Part A amine (0.31 g. 0.83 mmol) in DMF (1.7 mL) was added, followed by 4- 
methylmorphollne (0.12 mL, 1.1 mmol). The reaction mixture was stirred for 15.5 h while allowing the 
reaction to warm to room temperature. The reaction mixture was poured into waterbrine (1:1) and extracted 
with EtOAc, the organic layer washed with 0.25 M aqueous KHSO4, water, saturated aqueous NaHCOa. 
40 water and brine. The organic layer was dried over Na2S04, filtered and concentrated in vacuo to give titie 
compound (0.50 g, 98%) as a colorless foam. 

D; S-(R*,R*)H-(Aminomethyl)-N-[[1-[3-hydroxy"2-[(2-naphthalenylsulfonyl)aminol-1-oxopropyi]-2- 

pyrrolidinyl]methyl]benzamide. trtfluoroacetate (1:1) salt 

45 
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To a solution of Part C compound (0.44 g, 0.72 mmol) in ChfeCb at 0** C was added trifluoroacetic add (0.9 
mL). After 1.5 h, the reaction mixture was concentrated in vacuo and purified by preparative HPLC. The 
appropriate fractions were combined, concentrated in vacuo , dissolved in H2O and lyophiGzed to yield title 
compound (0.14 g, 32 %) as a colorless solid: 
5 [ajo = -38.6 • (c 1.03. MeOH) 
MS (M + H)+ = 511+ 





Anal. Calc'd for C26H30N4O5S • 1.1TFA • 1.33 H2O: 


^0 


Found: 


C, 51.32; 
C. 51.32; 


H. 5.16; 
H. 4.92; 


N. 8.49; 
N. 8.42; 


S. 4.86; 
S. 5.03; 


F. 9.50 
F. 9.82 





Example 28 Part A amine (1.93g, 5.15 mmol), 4-cyanobenzoic acid (757mg. 5.15 mmoi) and 1-hydroxy- 
benzotriazole (869 mg, 6.44 mmol) were dissolved in DMF (30mL) at RT. 4-Methylmorpho!ine (1.1 mL. 10 
mmol) was added dropwise followed by WSC (1.03g. 5.15 mmol). The reaction was stirred 20 hours at 
room temperature. The mixture was then diluted with ethyl acetate (75mL) and KHSO* solution (60 mL), the 
layers were separated and the aqueous layer was reextracted with ethyl acetate (75 ML). The combined 
organic layers was washed with saturated. NaHCOa solution (50mL) and 10% lithium chloride solution (2 x 
25 mL), dried over magnesium sulfate and concentrated in vacuo . The crude oil was chromatographed on 
silica gel, eluting with 50% EtOAc in hexane followed by 75% EtOAc in hexane, EtOAc and finally 3 % 
MeOH in EtOAc to provide title compound as a foam (2.01 g. 78%). 
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5 



TO 




75 

Sodium pellets (-100 mg) were added to methanol (35 mL) and stirred until all the sodium had been 
consumed. Part A compound (759 mg, 1.5 mmol) was added and the mixture was stirred at room 
temperature. After three hours, additional sodium (-50 mg) was added and the mixture was stirred an 

20 additional 2 hours. After this time an equilibrium mixture of product and starting material had tjeen obtained. 
Ammonium chloride (4 g) was added and the mixture was left stirring overnight at room temF)erature. The 
reaction mixture was then acidified with 1 N HCI. Insoluble material was removed by filtration through Celite 
and the pad was washed with more methanol. The filtrate was freed of solvent in vacuo . The remaining 
material was purified by preparative HPLC (YMC S-15 ODS 50 x 500 mm column, eluting with 49% 

25 methanol in water, containing 0.1% TFA). Fractions containing clean titie compound were combined and 
lyophilized to provide a white solid which was used to obtain NMR spectra, recovered, dissolved in water 
(40 mL) and relyophilized to give titie compound (283 mg. 28%). 
ta]D = -37.6** (c = 0-5, MeOH) 



30 


Analysis: Calcd for 1.08 TFA + 2.1 H2O: 






C, 49.41; 


H. 5.05; 


N. 10.23; 


F, 8.99; 


S, 4.68 




Found: 


C. 49.02; 


H, 4.57; 


N, 10.13; 


F, 8.70: 


S. 5.12. 
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Exampl 30 




20 



and 

25 



XJ 

H 



XJ 



30 



Ref: J Org. Chem. 53, 3513-3521, 1988. 

35 Potassium permanganante (29.5g. 187mmol) was dissolved in water (450 mL) and 3,5-lLitidine (lOg. 
93mmol) was added. After stirring for 1 hour the temperature was 40 • C and the mixture was heated in an 
oil bath maintained at 40-50 overnight while the stirring was continued. After cooling the mixture was 
filtered through Celite. The colorless filtrate was concentrated to -50 mL and then acidified with HCI. White 
solid precipitated and was harvested by filtration and washed with more water. Mass Spec indicated this 

40 was a mixture of the desired monoacid (A) and diacid (B) and was used in the next reaction. (5.2g). 

45 




50 and 



55 



54 
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The mixture of Parts A and B acids was suspended in absolute ethanol (100 mL) in a Parr bottle. Acetyl 
chloride (5 mL) and platinum oxide (165 mg) were added and the mixture was hydrogenated at up to 55 psi 
for 20 hours. The catalyst was removed by filtration and the pad was washed with thanol. The filtrate was 
taken to dryness in vacuo to give title compound. Mass spec indicated this was a mixture of the ethyl ester 
5 (D) and diester (D). 



70 




I 



75 

The mixture of Parts C and D ethyl esters was dissolved in water (50 mL) and a solution of potassium 
carfcx>nate was added to bring the pH to 8.5. The solution was cooled in an ice water bath and ether (50 mL) 
was added. Benzyl chloroformate (8 mL) was added dropwise to the well stirred solution. During th 
addition, the pH was maintained l)etween 8 and 9 by add'rtion of potassium carbonate solution. After 
20 addition was complete, the mixture was stirred cold for an additional hour, maintaining the pH thoughout this 
period. The layers were separated and the aqueous was reextracted with ether. The combined ether layers 
were dried over magnesium sulfate and concentrated in vacuo . The material was chromatographed on silica 
gel. eluting with 10-20% ethyl acetate in hexane. The cis and trans isomers were separated. An NMR study 
of the acids indicated that the faster moving isomer (3.665 g) was the cis material. 



25 



30 



F. 



HjC cooa 



H 
I 

z 



A portion of the purified Part E cis compound (1.525 g, 5 mmol)) was dissolved in methanol (16 mL) 
and treated with 1 N NaOH solution (10 mL). After stirring at room temperature two hours, the methanol was 
removed in vacuo . The aqueous solution was acidified with 1 N HCI cind the acid was extracted into thy I 
acetate {3x 10 mL). The combined extracts were dried over magnesium sulfate and concentrated in vacuo 
40 to give title compound as a viscous oil (1.39 g. 100%). 



45 



50 



55 



55 
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5 



10 



G. (1) 

75 



20 




25 2-A2ido-N-BOC pyrrolidine (2.1 3g, 9.4 mmol) was dissolved in dichloromethane (5 mL) and 
trifluoroacetic acid (7 mL) and stinred at RT 3 hours. The TFA and dichloromethane were removed by 
distillation under reduced pressure and by coevaporation with toluene to give the amine as a TFA salt. This 
and N-BOC-Obenzyl-L-serine (2.95g. 10 mmol) were dissolved in DMF (50 mL). HOBT (1.35g, 10 mmol). 
WSC (l.9lg, 10 mmol) and NMM (3.3 mL, 30 mmol) were added. The reaction was stirred for 8 h at room 

30 temperature, diluted with ethyl acetate (50 mL) and saturated KHSO* solution (30 mL). The layers were 
separated and the aqueous layer was reextracted with ethyl acetate (50 mL). The combined organic layers 
were washed with saturated sodium bicartranate solution (30 mL) and 10% lithium chloride solution (30 mL). 
The ethyl acetate layer was dried over magnesium sulfate and concentrated in vacuo to provide title G(1) 
compound (3.87g» 100%) as an oil which was used without further purification. 

35 

G. (2) 



40 



45 




50 Part G(1) BOC'az\6e (3.85 mg. 9.55 mmol) was dissolved in TFA (20 mL) and stirred at RT 1.5 hours. 
The TFA was removed by distillation under reduced pressure and by coevaporation with toluene. The 
residue was dissolved in dichloromethane (100 mL), cooled in an ice bath, and triethylamine (4.0 mL. 28.7 
mmol) and 2-naphthalene sulfonyl chloride (2.38g, 10.5 mmol) were added. The cooling bath was r moved 
and the solution was stirred for 2 h. This solution was washed with KHSO4 solution (25 mL x 2) and 

55 NaHCOs solution (25 mL x 2), dried over magnesium sulfate and evaporated to provide crude t'tle 
sulfonamide. The crude title sulfonamide product was chromatographed on silica gel and luted with 30% 
and 50% EtOAc in hexane to provide A(1) sulfonamide as an oil (2.597g. 55%). 



58 



EP 0 623 596 A1 



G. (3) 



5 



70 




The Part G(2) azide (2.5g, 5 mmol) was dissolved in absolute ethanol (100 mL) and treated with 10% 
75 palladium on carbon (300 mg). The flask was equipped with a hydrogen filled balloon via a thr e way 
stopcock. Air inside the flask was evacuated under reduced pressure and the flask was then fill d with 
hydrogen from the balloon. This process was repeated three times. The mixture was stirred overnight in th 
hydrogen atmosphere. The catalyst was then removed by filtration through Celite and the pad was washed 
with ethanol. The solvent was removed from the filtrate in vacuo to give title amine as a foam (2.236g, 
20 96%). 

H. 



25 




I 

z 



Part G amine (467mg, 1.0 mmol) and Part F acid (305mg» 1.1 mmol) were dissolved in DMF (2 mL) at 
05 RT. HOBT (148mg, 1.1 mmol). 4-methyl morpholine (242 uL. 2.2 mmol) and WSC (210mg. 1.1 mmol) w re 
added. The reaction was stirred 20 hours at room temperature. The mixture was then diluted with ethyl 
acetate (50mL) and KHSO4 solution (20 mL). The layers were separated. The organic layer was washed 
with saturated hJaHCOa solution (20 mL) and 10% lithium chloride solution (2 x 20 mL), dried over 
magnesium sulfate and concentrated jn vacuo . The crude oil was chromatographed on silica gel, eluting 
40 with 50% EtOAc in hexane followed by EtOAc to provide title compound (584 mg. 80%). 

J. 



45 




50 H 



Part H compound (578 mg, 0.79 mmol) was dissolved in ethanol (100 mL) to which acetyl chloride (2.0 
55 mL) had been added and the mixture was treated with 10% palladium on carbon (300 mg) and 
hydrogenated at 55 psi for 3 days. The catalyst was removed by filtration and the pad was washed with 
EtOH. The filtrate was concentrated in vacuo to obtain crude title compound as a foam (350 mg) which was 
used without purification. 
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The caide Part J eunine (-0.79 mmol) was dissolved in dimethylformamide (1.6 mL). H-pyrazole-1- 
carboxamidine (131 mg, 0.89 mmol) and diisopropylethyl amine (310 uL) were added. The mixture was 

20 stirred 24 hours at room temperature. Ether (10 mL) was then added. Gummy material precipitated. The 
ether was decanted and the precipitate was washed with more ether. The gummy material was dissolved in 
methanol and taken to dryness in vacuo . The remaining material was purified by preparative HPLC (YMC S- 
15 ODS 50 X 500 mm column, eluting with 54 % methanol in water, containing 0.1% TFA). The two cis 
isomers were separated. The fractions that were clean by analytical HPLC were combined, concentrated to 

25 a small volume in vacuo and lyophilized. These samples were used to obtain NMR spectra, recovered, 
dissolved in water and relyophilized to give title compound, Isomer A (from Part H compound) and Example 
48 compound. Isomer B (124 mg, 22% from Part H compound). Also obtained was a small amount of mixed 
fractions (54 mg. -10%). Title compound, Isomer A: [a]o = -49.0* (c = 0.4. MeOH) 



30 


Analysis: Catcd for 1.15 TFA +1.3 H2O: 




Found: 


C, 48.61; 
C. 48,59; 


H. 5.73; 
H. 5.62; 


N, 12.02; 
N, 11.92; 


F. 9.37; 
F, 9.35; 


S. 4.59. 
S, 4.74. 



35 



40 



45 



SO 
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IS 



20 



40 



45 



50 



A. 



2S 

To a stirred solution of 1-BOC-2-(methyl-azide)pyrro!idine (3.00 g. 13.3 mmol) in 80 mL of methanol 
under argon was added 20%Pd(OH>2/C (0.60 g. 20% based on the weight of the azide compound). The 
atmosphere was replaced with hydrogen by several vacuum-fill cycles. The reaction mixture was stirred at 

30 room temperature for 19 h. The catalyst was filtered off through a 4 uM polycarbonate film and rinsed with 
methanol (4x30 mL). The filtrate was concentrated in vacuo to give 2.65 g of an intermediate amine in a 
quantitative yield. To a stirred solution of this amine. 1-h)rdroxyben2otrlazole monohydrate (2.62 g, 15.5 
mmol) and N-cart>obenzyloxy-3-piperidine carboxylic acid (4.08 g, 15.5 mmol) in 85 mL of DMF was added 
in order N-methylmorpholine (8.51 mL. 77.5 mmol) and ethyl 3-(3-dimethylamino)propyl carbodiimide 

35 hydrochloride (5.94 g, 31.0 mmol). The reaction solution was stirred at room temperature for 18 h and 
concentrated under pump vacuum at 50 •C. The residue was dissolved in 500 mL of EtOAc and washed 
with IN HCI solution (3x200 mL). saturated NaHCOs solution (2x200 mL) and brine (1x200 mL). The EtOAc 
layer was dried (MgSO*), filtered and concentrated m vacuo . Purification was effected by flash chromatog- 
raphy on silica gel to give 3.33 g (56%) of title carbamate. 



o 



BocHH 



OBn H 



^ ^ HCbx 



To a stirred solution of Part A carbamat (3.20 g. 7.19 mmol) in 10 mL of dry dichloromethane at 0*C 
was added a 4N HCI solution in dioxane (15.0 mL, 60.0 mmol). The solution was stirred at room 
55 temperatur for 3 h and concentrated in vacuo . The residue was dissolv d in 100 mL of dichloromethane 
and 100 mL of m thanol. The solution was concentrated in vacuo to giv an intermediate amin . To a 
stirred solution of this amine (1.10 g, 2.88 mmol), 1 -hydroxy benzotriazole monohydrate (0.48 g. 2.88 mmol) 
and N-Boc-Obenzylhomoserine (0.89 g. 2.88 mmol) in 20 mL of DMF was added in order N-methylmor- 



59 



EP 0 623 596 A1 



pholine (1.04 mL, 9.51 mmol) and ethyl 3-(3-dimethylamino)propyl carbodiimide hydrochloride (0.55 g, 2.88 
mmol). The reaction solution was stirred at room temperature for 18 h and concentrated under pump 
vacuum at 45*C. The residue was dissolved in 300 mL of EtOAc and washed with IN HCI solution (3x100 
mL). saturated NaHCOa solution (2x100 mL) and brine (1x100 mL). The organic layer was dried (MgS04), 
5 filtered and concentrated in vacuo and chromatographed on silica gel to give 1 .28 g (70%) of titie amide. 




20 To a stirred solution of Part B amide (804 mg. 1.27 mmol) in 5.0 mL of dry dichlorcmethane at O'C 
was added a 4N HCI solution in dioxane (10.0 mU 40.0 mmol). The reaction solution was stirred at room 
temperature for 3 h and concentrated in vacuo to give a crude amine. To a stirred solution of this amine 
and triethyl amine (0.39 mL, 2.78 mmol) in 20 mL of dry dichlorcmethane under argon was added 2- 
naphthalenesulfonyl chloride (301 mg. 1.33 mmol). The reaction solution was stirred at room temperature 

25 for 3.5 h and diluted with 200 mL of EtOAc. The solution was washed with 1 N HCI solution (3x60 mL) 
saturated NaHCOa solution (2x60 mL) and brine (1x60 mL). The organic layer was dried (MgSO*). filt red, 
concentrated m vacuo and was chromatographed on silica gel to give 0.79 g (86%) of title carbamate. 



35 




40 

To a stirred solution of Part C carbamate (0.71 g. 0.98 mmol) in 10 mL of methanol under argon was 
added 20%Pd(OH)2/C (142 mg, 20% based on the weight of Part C compound). The atmospher was 
replaced with hydrogen by several vacuum-fill cycles. The reaction mixture was stirred at room temperature 

45 for 20 h. The catalyst was filtered off through a 4 uM polycarbonate film and rinsed with methanol (5x30 
mL). The filtrate was concentrated in vacuo to give 0.58 g of the intermediate amine. To a stinred solution of 
this amine (124 mg, 0.21 mmol) and DIEA (73.0 mL, 0.42 mmol) in 0.25 mL of DMF was added 
guanopyrazole hydrochloride (37.0 mg. 0.25 mmol). The reaction solution was stinred at room temperature 
for 24 h at which time another batch of guanopyrazole hydrochloride (6.20 mg. 0.04 mmol) was added. The 

50 solution was stirred at room temperature for 22 h. The reaction solution was then diluted with 20 mL of 
ether and ti-eated with 0.15 mL of a solution of 4N HCI in dioxane. The solvent was decanted and the 
precipitate was purifi d by preparative HPLC. The fractions were concentrated in vacuo and lyophilized to 
give 1 18 mg (73%) of title guanidine. 

55 



60 
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Analysis: calc'd for 1 .00 TFA + 1.00 H2O: 


Found: 


C. 54.82: 
C. 54.87: 


H, 5.91; 
H.5.83: 


N. 10.96; 
N. 10.58: 


F. 7.43; 
F.7.82; 


S.4.18 
S. 4.25. 



5 




30 



1 

Boe 

(N-Boc-nipecocate) 
35 — . 



To a stirred solution of (±) ethyl nipecotate (5.00 g. 31.8 mmol) and triethyl amine (6.64 mU 47.7 mmol) 
in 100 mL of dichloromethane at 0*C was added portionwise a solution of di-t-butyl dicarbonate (7.64 g, 
35.0 mmol) In 100 mL of dichloromethane over 5 min. The reaction solution was stirred at room temperatur 
for 25 h and then diluted with 600 mL of EtOAc. The solution was washed with IN HCI solution (3x200 mL). 
saturated NaHCOa solution (2x200 mL) and brine (1x200 mL). The organic layer was dried (MgSO^), filtered 
and concentrated in vacuo . This was chromatographed on silica gel to give 6.44 g (79%) of title N-Boc 
nipecotate. 



a- 



50 I ns«Ph 

H 
1 

Boc 



55 



To a stirred solution of Part A nipecotate (1 .00 g. 3.91 mmol) in 40 mL of dry THF under argon at 
-78 was added a 1M solution of sodium hexamethyldisilazide (4-30 mL, 4.30 mmol) over 5 min. The 
solution was stirred at -78 for 40 min at which time a solution of diphenyl dis lenide (1^8 g. 4.10 mmol) 
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in 6.0 mL of THF was added dropwise over 10 min. This reaction solution was stirred at -78 for 1 h and 
quenched dropwise with 15 mL of saturated NaHCOs solution. The resulting mixture was stinted vigorously 
without cooling for 5 min. The mixture was concentrated m vacuo . The residu was diluted with 300 mL of 
EtOAc and washed with 5% KHSO4 solution (3x150 mL). saturated NaHCOs solution (2x150 mL) and brine 
5 (1x150 mL). The organic layer was dried (M9SO4). filtered, concentrated in vacuo : and purified on silica gel 
to give 1.29 g (80%) of Part B ester. 



10 




IS 

To a stirred solution of Part B ester (1.06 g. 2.57 mmol) in 65 mL of methanol and 20 mL of water was 
added IN NaOH solution (7.69 mL, 7.69 mmol). The reaction solution was stirred at room temperature for 
1 0 days. The solution was concentrated in vacuo . The remaining aqueous solution was acidified to pH 2 by 
20 the addition of IN HQ solution. The solution was extracted with EtOAc (4x60 mL). The combined EtOAc 
extracts were dried (MgS04), filtered, concentrated in vacuo, and chromatographed on silica gel to give 350 
mg (36%) of title acid and some recovered starting Part B ester. 



25 



30 



35 




To a stirred solution of Part C acid (263 mg, 0.68 mmol). Example 30 Part G amine (283 mg. 0.68 
mmol) and 1 -hydroxybenzotriazole monohydrate (115 mg, 0.68 mmol) in 4.4 mL of DMF was added in 

40 order N-methylmorpholirte (0.23 mL, 2.05 mmol) and ethyl 3-(3-dimethylamino)propyl cartx)diimine hy- 
drochloride (131 mg, 0.68 mmol). The reaction solution was stirred at room temperature for 16 h and 
concentrated under pump vacuum at 45 * C. The residue was dissolved in 200 mL of EtOAc and washed 
with IN HCI solution (2x60 mL). saturated NaHCOs solution (2x60 mL) and brine (1x60 mL). The EtOAc 
layer was dried (MgSO^), tittered and concentrated in vacuo , and was chromatographed on silica gel to give 

45 417 mg (82%) of title carbamate. 



50 



55 
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5 



10 




IS To a stirred solution of Part D carbamate (415 mg, 0.56 mmol) in 3.0 mL of dry dichloromethan was 
added TFA (9.00 mL. 117 mmol). The reaction solution was stirred at room temperature for 1 h and 
concentrated in vacuo to give title amine • TFA (384 mg, 91%). 



20 



25 



30 




To a stirred solution of Part E amine • TFA (381 mg, 0.50 mmol) and DIEA (0.26 mU 151 mmol) in 0.5 
mL of DMF was added guanopyrazole hydrochloride (88.0 mg, 0.60 mmol). The reaction solution was 

35 stirred at room temperature for 24 h at which time another of batch of guanopyrazole hydrochloride (14.7 
mg, 0.10 mmol) was added. The reaction solution was stirred at room temperature for 24 h and stood at 
room temperature for 21 h. The solution was diluted with 20 mL of ether. To this mixture was added 0.3 mL 
of a solution of 4N HCI in dioxane. The solution was decanted and the precipitated residue was purified by 
preparative HPLC. The fractions were concentrated in vacuo and lyophilized to give 236 mg (59%) of titi 

40 selenide. 



45 



50 



55 
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G. and H« 



5 



TO 



75 




To a stirred solution of Part F selenide (190 mg, 0.24 mmol) in 9 mL of THF was added 1.6 mL of 30% 
H2O2 solution. The reaction solution was stirred at room temperature for 30 min. concentrated in vacuo and 
purified by preparative HPLC to give 95 mg (62%) of a 1 :1 mixture of title G and H compounds. 
MS: (M + H)+ = 529. 

25 

Example 33 



30 



35 



40 

Pi. 



45 




A solution of 1-BOC-2-(methyla2ido)pynroIidine (1.36 g. 6.0 mmol) in dichloromethane (5 mL) and 
trifluoroacetic acid (4 mL) was stirred at room t mperature for two hours. Th reaction mixture was 
concentrated und r reduced pressure and toluene was added and removed at reduced pressure. This 
55 process was repeated two more times. The crude amine. N-BOC-D-alanine (1.14 g, 6 mmol) and 1- 
hydroxybenzotriazole (1.01 g. 7.5 mmol) were dissolved in DMF (30 mL) and tr ated with 4-methyl 
morpholine (1.32 mL, 12 mmol) followed by WSC (1.2 g, 6.0 mmol). The reaction mixtur was stinr d 
ov might at room temperatur . The mixture was diluted with ethyl acetate (70 mL) and washed with 
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saturated KHSO4 solution (20 mL), NaHCOa solution (25 mL) and 10% lithium chloride solution (2x15 mL), 
dried over magnesium sulfate and concentrated in vacuo to give title compound as an oil (1.74 g, 98%) 
which was used without purification. 



10 




IS A solution of Part A azide (1.74 g, 5.85 mmol) in dichloromethane (5 mL) and trifluoroacetic acid (4 mL) 
was stirred at room temperature for two hours. The reaction mixture was concentrated under reduced 
pressure and toluene was added and removed at reduced pressure. This process was repeated two mor 
times. A solution of the crude des-BOC-amine and o-toluenesulfonyl chloride in dichloromethane (30 mL) 
was cooled to 0-5 and triethylamine (4.2 mL, 30 mmol) was added dropwise. The mixture was stinred 

20 cold for one hour artd then diluted with 1 N HCI solution (50 mL). The dichloromethane layer was separated, 
dried over magnesium sulfate and concentrated in vacuo . The crude oil was chromatographed on silica gel, 
etuting with 50% and 75% ethyl acetate in hexanes to give the title benzylsulfonamide as a white foam 
(1.55g, 75%). 



30 




35 The Part B azide (1.55 g, 4.42 mmol) was dissolved in absolute ethanol (60 mL) and treated with 10% 
palladium on carbon (310 mg). The reaction flask was equipped with a hydrogen filled balloon via a three- 
way stopcock. Air inside the flask was evacuated under reduced pressure and replaced with hydrogen from 
the balloon. This operation was repeated (3x). Hydrogenolysis was continued for twenty hours. The balkxjn 
was removed and the catalyst was removed by filtration. The pad was washed with more ethanol. The 

40 filtrate was concentrated in vacuo to obtain title amine (1 .33 mg, 93%) as a foam which was used without 
purification. 




55 

Part C amin (488 mg, 1.5 mmol) and N-carboben2yloxy-3(S)-piperidin cart>oxylic acid (395 mg, 1.5 
mmol) were dissolved In DMF (15 mL) at RT. HOST (270mg, 2.0 mmol), 4-methyl morpholine (550 iiL, 5 
mmol) and WSC (300mg, 1.5 mmol) wer added. The reaction was stinred 20 hours at room temperature. 
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The mixture was then diluted with ethyl acetate (50 mL) and washed with KHSO4 solution (30 mL), 
saturated NaHCQs solution (25 mL) and 10% lithiunn chloride solution (3 x 15 mL), dried over magnesium 
sulfate and concentrated in vacuo to give title compound (730 mg, 85 %) as a white foam. 

5 

E. 



70 




1 

H 



15 



Part D compound (730 mg, 1.28 mmol) was dissolved in ethanol (100 mL) and treated with Pearlman's 
catalyst (300mg). The reaction flask was connected to a hydrogen filled balloon via a three-way stopcock. 

20 Air inside the flask was evacuated under reduced pressure and replaced with hydrogen from the balloon. 
This operation was repeated (3x). Hydrogenation was continued 18 hours. TLC indicated that a large 
amount of starting material remained. The catalyst was removed by filtration, the pad was washed with 
more ethanol and the filtrate was taken to dryness at reduced pressure. The residue was dissolved in 
ethanol (100 mL), acetyl chloride (1.5 mL) and 10% palladium on carbon (300 mg) were added and the 

25 mixture was hydrogenated on the Parr apparatus at 55 psi for twenty hours. The catalyst was removed by 
filtration. The pad was washed with more ethanol. The filtrate was concentrated in vacuo to obtain title 
amine which was used without purification. 

F. 



30 



35 



40 




The crude Part E amine was dissolved in dimethylformamide (2.5 mL). H-pyrazole-l-carboxamidine 
(263 mg. 1.8 mmol) and diisopropylethyl amine (700 uL) were added. The mixture was stirred 24 hours at 

45 room temperature. Ether (15 mL) was then added. Gummy material precipitated. The ether was decanted 
and the precipitate was washed with more ether. The gummy material was dissolved in methanol and taken 
to dryness in vacuo . The remaining material was purified by preparative HPLC (YMC S-15 ODS 50 x 500 
mm column, eluting with 40% methanol in water, containing 0.1% TFA). Fractions containing clean title 
compound were combined and lyophilized to provide a white solid which was used to obtain NMR spectra. 

50 recovered, dissolved in water (30 mL) and relyophiiized to give title compound ( 271 mg. 34%). 
Wd = +39.7* (C = 0.6. MeOH) 





Analysis: Calcd for 1.20 TFA + 0.3 H2O: 


55 


Found: 


C. 47.20: 
C. 47.26; 


H. 5.81; 
H. 5.86; 


N. 13.54; 
N. 13.48; 


F, 11.02; 
F. 10.93; 


S. 5.16. 
S, 5.24. 
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Example 34 



5 



70 



75 



20 



25 




30 A solution of 1-BOC-2-(methylazido)pyrTolldlne (1.36 g. 6.0 mmol) in dichloromethane (5 mL) and 
trifluoroacetic acid (4 mL) was stinted at room temperature for two hours. The reaction mixture was 
concentrated under reduced pressure and toluene was added and removed at reduced pressure. This 
process was repeated two more times. The crude amine. N-BOC-L-aspartic acid, methyl ester (1.48 g, 6 
mmol) and 1 -hydroxybenzotriazole (1.01g. 7.5 mmol) were dissolved in DMF (30 mL) and treated with 4- 

35 methyl morpholine (1.32 mL. 12 mmol) followed by WSC (1.2 g. 6.0 mmol). The reaction mixture was 
stirred overnight at room temperature. The mixture was diluted with ethyl acetate (70 mL) and washed with 
satd. KHSO4 solution (20 mL), NaHCOa solution (26 mL) and 10% lithium chloride solution (2x15 mL), 
dried over magnesium sulfate and concentrated in vacuo to give title compound as a foam (1.68 g. 84%) 
which was used without purification. 

40 




A solution of Part A compound (1 .68 g, 5.03 mmol) in dichloromethane (5 mL) and trifluoroacetic acid (4 
55 mL) was stirred at room t mperature for two hours. The reaction mixture was concentrated und r reduced 
pr ssur and toluen was added and removed at r duced pressure. This process was r peated two mor 
times. A solution of th crude des-BOC-amine and napthalee-2-sulfonyl chloride (1.25 g. 5.5 mmol) in 
dichloromethan (25 mL) was cooled to 0-5* C and triethylamine (2.1 mL, 15 mmol) was added dropwise. 
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* 



The mixture was stirred cold for two hours and then diluted with 1 N HCI solution (30 mL). The 
dichloromethane layer was separated, dried over magnesium sulfate and concentrated in vacuo . The cmde 
oil was chromatographed on silica gel. eluting with 50% and 75Vo ethyl acetate in hexanes to give the titie 
sulfonamide adduct as a white foam (1.53g, 68%). 

C. 



70 



75 




The Part B azide (1.5 g. 3.37 mmol) was dissolved in absolute ethanol (80 mL) and treated with 10% 
20 palladium on carbon (300 mg). The reaction flask was equipped with a hydrogen filled balloon via a three- 
way stopcock. Air inside the flask was evacuated under reduced pressure and replaced with hydrogen from 
the balloon. This operation was repeated (3x), Hydrogenolysis was continued for twenty hours. The balloon 
was removed and the catalyst was removed by filtration. The pad was washed with more ethanol. The 
filtrate was concentrated in vacuo to obtain title amine (Quant.) as a foam which was used without 
25 purification. 




Part C amine (3.37 mmol) and N-carbobenzyloxy-3(S)-piperidlne carboxylic acid (790 mg, 3.7 mmol) 
were dissolved in DMF (20 mL) at RT. HOBT (500mg. 3.7 mmol)» 4-methyl morpholine (1.5 mL) and WSC 
45 (708mg. 3.7 mmol) were added. The reaction was stirred 20 hours at room temperature. The mixture was 
then diluted with ethyl acetate (60 mL) and washed with KHSO4 solution (20 mL), saturated NaHCOs 
solution (15 mL) and 10% Irthium chloride solution (2 x 15 mL). dried over magnesium sulfate and 
concentrated in vacuo . The material obtained was chromatographed on silica gel, eluting with ethyl acetate 
followed by 5% methanol in ethyl acetate to give titie compound (1 .56 g, 72%) as a white foam. 
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5 



10 




Part D compound (625 mg, 0.97 mmol) was dissolved in methanol (60 mL) and treated with Pearlman's 
catalyst (200mg). The reaction flask was connected to a hydrogen filled balloon via a three-way stopcock. 
Air inside the flask was evacuated under reduced pressure and replaced with hydrogen from the balloon. 
20 This operation was repeated (3x). Hydrogenation was continued 18 hours. TLC indicated that the reaction 
was complete. The catalyst was removed by filtration, the pad was washed with more methanol and the 
filtrate was taken to dryness at reduced pressure to give title amine (470 mg. 96%) which was used without 
purification. 

2S 

F. 



30 



35 




The crude Part E amine (470 mg. 0.928 mmol) was dissolved in dimethylformamide (2.0 mL). H- 
pyrazole-1-carboxamidine (190 mg. 1.3 mmol) and diisopropylethylamine (360 uL, 2 mmol) were added. 
The mixture was. stirred over a weekend at room temperature. Ether (25 mL) was then added. Gummy 

4s material precipitated. The ether was decanted and the precipitate was washed with more ether. The gummy 
material was dissolved in methanol and taken to dryness m vacuo . The remaining material was purifi d by 
preparative HPLC (YMC S-15 ODS 50 x 500 mm column, eluting with 53% methanol in water, containing 
0.1% TFA). Fractions containing clean title compound were combined and lyophilized to provide a whit 
solid which was used to obtain NMR spectra, recovered, dissolved in water (30 mL) and relyophilized to 

50 give title compound (324 mg. 49%). 
[a]o= -20.3- (C = 0.6, MeOH) 





Analysis: Calcd for 1.10 TFA + 0.9 H2O: 


55 


Found: 


C. 49.10; 
C. 49.11; 


H. 5.49; 
H. 5.23: 


N, 11.77; 
N. 11.58; 


F. 8.78; 
F. 6.96; 


S. 4.49. 
S, 4.42. 
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Example 35 

[1 S(2R*.3R*)>N-[2-[[[[1 -(Aminoiminomethy l>"3-piperidinyl]cartK^ny l]arnino]methyl}-1 -pyrrolidiny Ihl - 
(hydroxymethyl)-2-oxoethyl}xr-toluenesuHonamide 



A. 



70 




Example 30 Part G(1) BOC-azide ( 3.85 mg, 9.55 mmol) was dissolved in TFA (20 mL) and stin-ed at 
RT 1.5 hours. The TFA was removed by distillation under reduced pressure and by coevaporation with 

20 toluene. The residue is dissolved in dichloromethane (100 mL), cooled in an ice bath, and triethylamine (4.0 
mL, 28.7 mmol) and a-toluene sulfonyl chloride (2.00 g. 10.5 mmol) are added. The cooling bath is removed 
and the solution is stinred for 2 h. This solution is washed with KHSO* solution (25 mL x 2) and NaHCOs 
solutlon(25 mL x 2), dried over magnesium sulfate and evaporated to provide crude title compound. The 
crude product is chromatographed on silica gel and eluted with 30% and 50% EtOAc in hexane to provide 

25 title sulfonamide (2.597 g, 55%). 

[1S(2R',3R')]-N-[2-[[[[1-(Aminoiminomethyl)-3-piperidinyl]carbonyl]amino]methyl]-1-pyrrolidinyil-1- 

(hydroxymethyl)-2-oxoethyl]-a-toluenesulfonamide 

30 The title compound is prepared from Part A azide following the procedure described in Example 26. 

Example 36 

[1 S(2R'.3R')}-N-[2-[[[[1 -(Aminoiminomethyl)-3-piperidinyl]carbonyl]amino]methyi]-1 -pyrrolidinyl]-1 - 
35 (carbomethoxymethyl)-2-oxoethyl]-cr-toluenesulfanamide 



A. 



40 




A solution of Example 34 Part A compound (1.68 g. 5.03 mmol) in dichloromethane (5 mL) and 
50 trifluoroacetic acid (4 mL) was stirred at room temperature for two hours. The reaction mixture was 
concentrated under reduced pressure and toluene was added and removed at reduced pressure. This 
process was repeated two mor times. A solution of the crude des-BOC-amine and a-toluenesulfonyl 
chloride (1.14 g. 6 mmol) in dichloromethane (25 mL) is cooled to 0-5 'C and tri thylamine (2.1 mL, 15 
mmol) is added dropwise. The mixture is stirred cold for two hours and then diluted with 1 N HCI solution 
55 (30 mL). The dichloromethane layer is separated, dried over magnesium sulfate arKl concentrated in vacuo . 
The crude oil is chromatographed on silica gel. eluting with 50% and 75% thyl acetate in hexanes to give 
the title sulfonamide adduct (1 .53g. 74%). 
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B. [1 S(2R*,3Fr)hN'[2-[mi -(Aminoiminomethy l)-3-piperidinyllcarbonyl]amino]methy Ihl -pynrolidinyll-l -(car- 
bomethoxym thyl)-2-oxoethytl-or-toluenesulfonamide 

The title compound is prepared from Part A compound, following the procedure described In Example 

34. 

Example 37 

[1 S(2Fr,3R*)hN-[2-[[[[1 -(Aminoiminomethyl)-3-piperidinyl]carbonyl]aminolmethylh1 -pynrolidinyll-l ■ 
(cart)Oxamidomethyl>-2-oxoethyl}-a-to!uenesulfonamide 

A. 




A solution of Example 36 Part A compound (816 mg. 2 mmo!) in a saturated methanolic ammonia (5 
mL) is stirred at room temperature in a sealed tube for 48 h. The mixture is concentrated under reduced 
pressure and in vacuo to form the title product. 

B. [1 S(2R*,3R*)]-N-[2-[[[[1 -(Aminoimlnomethy l)-3-piperidinyi]carbonyl]amino]methy Ihl ■pyrrolidinyl>1 -(car- 
boxamidomethyl)-2-oxoethyl]-a-toluenesulfonamide 

The title compound is prepared from Part A compound, following the procedure described in ExampI 

34. 

Examples 38 to 54 

' The following compounds were prepared carrying out procedures described in the specification and 
working examples. 

38. [S-(R".R*)h3-(Aminomethyl)-N-[[1-[3Thydroxy-2-[(2-napthalenylsulfonyl)aminol-1-oxopropylh2-pyr- 
rolidlnyl]methyl]benzamide, trifluoroacetate (1:1) salt 
[ah = 39.4** (c 0.50. MeOH) 



Anal. Calc'd for C:)26H3oN4 05S • 1.26 TFA - 0.97 H2O: 





C, 50.99: 


H. 4.98: 


N, 8.34: 


S. 4.77: 


F. 10.69 


Found: 


C. 50.99: 


H, 4.83: 


N. 8.35: 


S, 4.57: 


F, 10.72 



39. [S-(R*.R*)H'(Aminomethyl)-N-[[1-[3-hydroxy-2-[(2-napthalenylsulfonyl)amino]-1-oxopropyl]-2-pyr- 
rolidinyllmethyllbenzeneacetamide. trifluoroacetate (1:1) salt 
[ah = 43.0° (c 0.50. MeOH) 



Anal. Calc'd for C;27H32N4 05S • 1.42 TFA • 0.74 H2O: 





C, 51 .21: 


H. 5.03: 


N. 8.01 : 


S, 4.58: 


F. 11.56 


Found: 


C, 51 .21; 


H. 4.95; 


N, 8.08: 


S. 4.31; 


F. 11.56 



40. [S-(R*,R*)]-3-(AminomethyI>-N-[[1-[3-hydroxy-2-[(2-napthalenylsulfonyl)amino]-1-oxopropyl]-2-pyr- 
rolldinyl]methyl]benz n ac tamide, trifluoroacetat (1:1) salt 
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[a]o = 44.1 • (c 1.00. MeOH) 



Anal. Calc'd for C27 Has O5 S • 1.35 TFA • 1.48 H2O: 


Found: 


C. 50.58; 
C. 50.58; 


H. 5.19; 
H, 4.99; 


N, 7.94; 
N. 7.84; 


S, 4.55; 
S, 4.47; 


F, 10.91 
F. 11.09 



41 . [3S-[3R*.3(R*.R")]h1 -(Aminoiminomethyl)-N-[[1 -[2-[(2-napthalenylsuIfony l)aminoh1 -oxopropylh2-pyr- 
rolidinyl]methyt}-3-piperidinecarboxamide, trifluoroacetate (2:3) salt 
[a]o = -18.3** (c 0.52, MeOH) 



Anal. Calc'd for C25H34N6 04S • 1.67 TFA • 0.23 H2O: 


Found: 


C. 48.00; 
C. 48.00; 


H, 5.13; 
H. 5.37; 


N, 11.85; 
N. 11.94; 


S. 4.52: 
S. 4.45; 


F. 13.42 
F. 13.43 



42, I3S-[3R*,3(R*.R')]h1 -(Aminoimlnomethy I)-N-[[1 -(3-hydroxy-2-[[(4-methylphenyl)sulfonyl]aminoh1 -ox- 
opropyll-2-pyrrolidinyl]methyl>3-plperidinecarboxamide. trifluoroacetate (1:1) salt 
[a]o = +16.0** (c 0.50, MeOH) 



Anal. Calc'd for C22H34N605S • 1.1 TFA • 1.32 H2O: 


Found: 


C. 45.15; 
C. 45.15; 


H. 5.91; 
H. 5.52; 


N, 13.05; 
N. 12.88; 


S. 4.98; 
S. 4.95: 


F. 9.74 
F. 9.53 



43. [3S-(3R^3(R^R0]^HAminolminomethyl)-N-t[1-[3-hydroxy-2-[[ca^boben2yloxy]a^nino^1-oxopropyl^2- 
pyrrolidinyl]methyll-3-piperidinecarboxamlde, trifluoroacetate (1:1) salt 



Anal. Calc'd for CzsHa+NcOsS- 1.05 TFA • 1.60 H2O: 


Found: 


C. 48.38; 
C. 48.39: 


H, 6.19; 
H, 5.85; 


N, 13.49; 
N. 13.16; 


F, 9-60 
F, 9.45 



44. [1 S[2(R*,S*))]-N-[2-[[[[1 -(aminoiminomethyl)-4-piperidinyl]carbonyl]amino]methyl]-1 -piperidinyl]-1 
(hydroxymethyl)-2-oxoethyl}-2-naphthalenesulfonamide. trifluoroacetate (1:1) salt 
[alo = +0.55- (c = 0.5, MeOH), 



Analysis: 


Calcd for 0.95 TFA + 1.7 H2O: 








C. 49.02; 


H, 5.95; 


N, 12.29: 


F, 7.92: 


S, 4.69. 


Found: 


C, 49.15; 


H, 5.61; 


N, 11.95; 


F, 7.68: 


S. 4.89. 



45. [S-(R^R^^3-[(aminoiminomethyl)ami^o^N-[[1-[3-hydroxy-2-[[2-naphthalenesulfonyl]-amlno^1-^^ 
opropyl]-2-pyrrolidinyl]methyl]propionamide. trifluoroacetate (1:1) salt 
[alo = -36.8- (c = 0.6, MeOH). 



Analysis: Calcd for 1.20TFA + 0.50 H2O: 


Found: 


C. 46.05; 
C, 46.05; 


H. 5.10; 
H. 4.98;, 


N. 13.21; 
N. 13.02; 


F. 10.75: 
F, 10.82; 


S. 5.04. 
S. 4.97. 



46. [lS[2(R\S0.(3R0]hN42-[[[[1-(arninoiminomettiyl)-3-piperidinyI]carl>onyI]ajnino]meth^ 
1-(hydroxymethyl)-2-oxoethyl]-2-naphthalenesulfonamide, trifluoroacetate (1:1) salt 
[alo =? +24.r (c = 0.9, MeOH), 
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Analysis: Calcd for 1.20 TFA + 0.7 H2O: 


Found: 


C, 49.14; 
C. 49.17; 


H. 5.61; 
H. 5.36: 


N. 12.11; 
N, 12.04; 


F, 9.85; 
F, 9.70; 


S, 4.62. 
S. 4.70. 



47. [1 S[2R*D-N-[2-[[[[1 -(aminoiminome<hyl)-3i)henyl]cart>onyl]arnino]rnethyl]-1 -pynrolidiny 11-1 -{hydrox 
ym0thyt)-2-oxoethyl]-2-naphthalenesulfonamide, trifluoroacetate (1:1) salt 
[ah = -41.0- (c = 0.4, MeOH). 



Analysis: Calcd for 1.20 TFA + 1.1 H2O: 


Found: 


C. 50.14 
C. 50.13; 


H. 4.80; 
H. 4.52;. 


N. 10.30; 
N. 10.08; 


F, 10.05; 
F, 9.78; 


S, 4.71. 
S, 4.42. 



48. 1 S[2R^l-N-[2-[[[[1 -(amtnoiminomethyl)-cis-5-rnethy l-3-piperidinyl]carbonyl]aminoImethyl]-1 -py r 

rolidinyl]-1 -(hydroxymethyl)-2-oxoethyll-2-naphthaienesulfonamide. trifluoroacetate(1 :1 ) salt 
[a]D = -25.5 • (c = 0.4. MeOH) 



Analysis: Calcd for 1.25 TFA + 1.2 l-feO: 


Found: 


C. 48.29; 
C, 48.34; 


H, 5.64; 
H. 5.54; 


N. 11.86; 
N. 11.91; 


F. 10.05; 
F, 9.99; 


S. 4.52 
S. 4.55. 



49. [1 S[2RlhN-[2-([[[1 -(aminoinninomethyl>-trans-5-methyl-3-piperjdlny l]carbonyl]amino]methyl]-1 -pyr 
roIidinyl]-1 -(hydroxymethyl)-2-oxoethylh2-naphthalenesulfonamide,trif luoroacetate(1 :1 ) salt 
[a]o = -28.8* (c = 0.6. MeOH). 



Analysis: Calcd for 1.10 TFA + 1.0 H2O: 


Found: 


C. 49.22; 
C. 48.23; 


H. 5.73; 
H, 5.66; 


N. 12.21; 
N. 12.08; 


F, 9.11; 
F, 9.12; 


S. 4.66. 
S. 4.87. 



50. [1 S(2R*,3R*,4R*)]-N-[2-[[[[1 -(aminoiminom0thyl)-3-piperidiny l]carbonyl]amino]methy l]-1 -py rrolidiny i]-1 
(1-hydroxyothyl)-2-oxoethyll-2-naphthalenesulfonannide. trifluoroacetate (1:1) salt 
[a]o = -10.0* (c = 0.7. MeOH). 



Analysis: Calcd for 1 .10 TFA + 1 .7 H2O: 


Found: 


C. 48.34; 
C. 48.32; 


H. 5.83; 
H. 5.57; 


N. 11.99; 
N. 11.84; 


F, 8.95; 
F, 8.83; 


S. 4.58. 
S. 4.71 . 



51 . [1 S(2R*.3S'.4R')]-N-[2-[[[[1 -(aminoiminomethyl)-3-plperidinyl]cart>onyl]amino]methyl>1 -pyn-olidinylj-l 
(1-hydroxyethyl)-2-oxoethyl]-2-naphthalenesulfonannide. trifluoroacetate (1:1) salt 
[ah = -19.5- (c = 0.6, MeOH). 



Analysis: Calcd for 1.10 TFA + 1.0 H2O: 


Found: 


C. 49.22; 
C. 49.12; 


H. 5.73; 
H. 5.71; 


N. 12.21; 
N. 12.16; 


F. 9.11; 
F. 9.38; 


S. 4.66. 
S. 4.99- 



52. [R-KS\R0hN-[2-[2[[[I1-(aminoiminornethyl)-4-piperidinyl]cart>onyl]amino]nri 
(phenylmethyl)-2-oxoethyl]methan sulfonamide, trifluoroacetate (1:1) salt 
[ah = -34.7* (c = 0.6. M OH). 
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Analysis: Calcd for 1 .25 TFA + 0.2 H2O: 


Found: 


C, 47.10: 
C, 47.09; 


H, 5.75: 
H. 5.84;, 


N, 13.45; 
N. 13.15; 


F, 11.40: 
F. 11.44: 


S, 5.13. 
S. 5.32. 



53. [S(Fr,R*)hN-[2-[[[[1 -(aminoiminomethy l)-3-piperidinyl]carbonyl]amino]methylH -pyrrolidiny l]-2-ox 
oethyl}-2-naphthalenesulfonamid6, trif luoroacetate (1 :1 ) salt 
[alo = +9.r (c = 0.3, MeOH), 



Analysis: Calcd for 1 .20 TFA + 0.8 HaO: 


Found: 


C, 48.64; 
C, 48.9^ 


H, 5.38; 
H, 5.23; 


N. 12.89; 
N. 12.39; 


F, 10.49: 
F. 10.32; 


S. 4.92. 
S. 4.93. 



15 

54. [R(S^R0]N-[2-[2-[[[[1-(aminoiminon^^ethyl)-4-piperidinyl]carbonyl]a^ 
(methyl)-2-oxoethyl]benzylsulfonamide, trifluoroacetate (1:1) salt 
[ah = +13.5* (C = 0.7 . MeOH). 



20 


Analysis: Calcd for 1.30 TFA + 0.2 H2O: 






C. 48.87; 


H. 5.71; 


N. 13.33: 


F, 11.75; 


S. 5.09. 




Found: 


C. 47.23: 


H, 5.78; 


N. 12.86; 


F.1 1.36; 


S. 5.29. 



25 

Claims 



1. A compound having the structure 



35 



40 




including all stereoisomers, wherein n Is 0. 1 or 2; 

W is -A-R2, .CO-A-R2 or -SCfe-A-R^: 
wherein R^ is guanidine, amidine or amino, and A is an alkyi, aikenyl or alkynyl chain of 2 to 6 carbons; 
or 

R^ is -(CH2)p-A'-R^ or -(CH2)p-C0-A'R^' where p is 0. 1 or 2, R^' is amidine and A* is an 
azacycloalkyl. azaheteroalkyi or azaheteroalkenyl ring of 4 to 8 atoms, optionally substituted by alkyl. 
CO or halo as given by the strucutre: 
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oxoethyl}-2-naphthalenesutfonamide, or salts thereof including its trifluoroacetate salt; 

[R-(S*,Fni-N-[2-[2-[n[1-(anilnoiminomethyl)-4-piperidinylIca^ 
(m6thyl)-2-cxo6thyt]t>8nzylsulfbnamld . or salts thereof including its trifluoroacetate salt 

18. The compound as defined in Claim 1 having the formula 




HB3 



or salts thereof including its trifluoroacetate salt; 



or salts thereof; 




or salts thereof; 
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or salts thereof; 




or salts thereof inlcluding its trifluoroacetate salt; 




or salts thereof inlcluding its trifluoroacetate salt. 

19. A pharmaceutical composition comprising a compound as defined in any of Claims 1 to 18 and a 
pharmaceutically acceptable carrier therefor. 

20- Use of a compound as defined in any of Claims 1 to 18 for the preparation of a pharmaceutical 
composition for inhibiting or preventing fomnation of blood clots. 
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ceptable salts thereof including its trifluoroacetate (1:2) salt; 

[R-(I^,S^H-[(amlnoimlnomethyl)aminohN-[[H2-aniino-1-oxo-3-phenylpropyO 
methyl]butanesutfonamide. or pharmaceuticaily acceptable salts thereof including its trifluoroac tate 
(1:2) salt: 

[R-(R',S0H2-[2-[Q[3-[(aminoiminomethyl)anriino]propyl]sulfonyl]amino]m 
1-(phenylmethyl)ethyl]carbamtc acid» 1,1-dimethylethyl ester or pharmaceuticaily acceptabl salts 
thereof including its trifluoro-acetate (1:1) salt; 

[R-(R*,S^J-3-[(aminoiminomethy l)aminohN-[[1 -(2-amino-1 -oxo-3-phenylpropy l)-2-pynx)lldinyl]- 
methyilpropanesulfonamide, or pharmaceuticaily acceptable salts thereof including its trifluoroacetate 
(1:2) salt; 

[R-(R'.S^h2-amino-1 -[2-[[[4-(aminomethy l)phenyl]ainino]methylh1 -py nrolidlny l]-3-phenyl-1 - 
propanone, or pharmaceuticaily acceptable salts thereof including its trifluoroacetate (1 :3) salt; 

[R-<R^S^^N-[2-[2-[[[4-(aminomethyl)phenyl]af^ino]^nethyl^1-pyn^olrdinyl>2<>x 
ethylh2-naphthalenesulfbnamide. or pharmaceuticaily acceptable salts thereof including its 
trifluoroacetate (2:3) salt. 

[R-(R*,S)l-2-aniino-1 -[2-[3-[(aminoiminomethy l)amino]propy IJ-I -pyrrolidiny l]-3-pheny 1-1 -propanon , 
or pharmaceuticaily acceptable salts thereof including its trifluoroacetate (1 :3) salt; 

[S-(R^S^l-4-[(a^linoiminomethyl)arnino^N-[[1-[2^(methylsulfonyl)aminol-1-oxp-3-phenylp^opyl^ 
pyrrolidinyl]methyl]butanamide, or phamnaceuticaily acceptable salts thereof including its 
trifluoroacetate (1:1) salt: 

[R-(R*.S*)h2-amino-1 -I2-[[[4-(anninomethyl)phenyl]amino]methyl]-1 -pynrolidiny l]-3-phenyl-1 - 
propanone, or pharmaceuticaily acceptable salts thereof including its trifluoroacetate (1:3) salt; 

[R-(R^S0^N-[2-[2-[[[4-(aminomethyl)phenyl]amino]methyl^1-pyn'olidinyl^2K)xo-1-(phenylmet^^ 
ethylh2-naphthalenesulfonamide, or pharmaceuticaily acceptable salts thereof including its 
trifluoroacetate (2:3) salt; 

[S-(R^R")H-[(aminoimlnomethyl)amino]-N-[[1-[34lydroxy-2-[[(7-methoxy-2-naphthalenyl)sulfon 
amino]-1-oxopropyl]-2-pyrrolidinyl]methyl]butanamide, or pharmaceuticaily acceptable salts thereof in- 
cluding its trifluoroacetamide (1 :1 ) salt; 

[R-(R^S0]-4-[(amino^minomethyl)amino^N-[I(1-(2-amino-1<lxo-3-phenylpropyl)-2-pyrrolidinyl]- 
methyl]butanamide. or pharmaceuticaily acceptable salts thereof Including its trifluoroacetate (1:2) salt; 

[R-(R*,S*)]-N-[2-[2-[|I4-(aminoiminomethyl)phenyl]amino]methyl]pyrrolidiny!h2-oxo-1-(phenylmethyl)- 
ethyl]methanesulfonamide,or pharmaceuticaily acceptable salts thereof including its trifluoroacetate 
(1:1) salt; 

[S-(R\S*)]-4-[I[1 -(2-amino-1 -oxo-3-phenyipropyl)-2-pyn'olidinyl]methyl]amino]- 
benzenecartjoximidamide, or pharmaceuticaily acceptable salts thereof including its trifluoroacetate 
(1:2) salt; 

[S-(R*.R')h4-[(aminoiminomethyl)amino]-N-[[1-[3-hydroxy-2-[[(7-methoxy-2-naphthalenyl)sulfonyl]- 
aminol-1-oxopropyl]-2-pyrrolidinyllmethyl]butanamide, or pharmaceuticaily acceptable salts thereof in- 
cluding its trifluoroacetamide (1 :1 ) salt 

[R-(R^S^^N-[2-[2-[[[4-(aminoiminomethyl)phenyl]amino]methyl]pyrrolidinyl^2-oxo-1-(phenyl^ 
ethyl]methanesulfonamide.or pharmaceuticaily acceptable salts thereof including its trifluoroacetat 
(1:1) salt; 

[1 (S),2S]-1 -(aminoiminomethyl)-N-[[1 -[3-hydroxy-2-[(2-naphthalenylsulfonyl)aminof1 -oxopropylh2- 
pyrrolidinyl]methyll-3-plperidinecarboxamide, or pharmaceuticaily acceptable salts thereof including its 
trifluoroacetate (1:1) salt; 

[S-(R*.R*)h1 -(aminoiminomethy l)-N-[[1 -[3-hydroxy-2-[(2-naphthaleny Isulf onyl)aminoh1 -oxopropy l]-2- 
pyrrolidinyl]methyll-4-plperidinecarboxamide, or pharmaceuticaily acceptable salts thereof including its 
trifluoroacetate (1:1) salt; 

N-[(S)-2-[(S)-2-[[[[l -(aminoiminomethyl)-3-piperidinyl]acetylJamino]methylhl -pyrrolidinyl]-l - 
(hydroxymethyl)-2-oxoethyl]-2-naphthalenesulfonamide, or pharmaceuticaily acceptable salts thereof 
including its trifluoroacetate (1:1) salt; 

[S-(R*.R*)]-N-[2-[2-[t[I1-(aminoiminomethyl)-4-piperidinyl]acetyl]amino]methyl]-1-pynrolidinyl]-1- 
(hydroxymethyl)-2-oxoethyl]-2-naphthalenesulfonamid . or pharmaceuticaily acceptable salts th reof 
including its trifluoroacetate (1:1) salt; 

[S-(R*.R')]-N-[2-[2-[[[5-[(aminoiminomethyl)aminoI-1 -oxopentyl]amino]methyl]-1 -pyrrolidlnyl]-1 - 
(hydroxymethyl)-2-oxo thyl]-2-naphthalenesulfonamide, or pharmaceuticaily acceptabl salts thereof 
including its trifluoroac tate (1:1) salt; 

[S-(R*.R*)hN-[2-[2-[[[6-[(aminoiminomethyl)aminoh1 -oxohexyllamino]methy 11-1 -pyrrolidiny 1]-1 - 
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(hydroxymethyl)-2-oxoethyl]-2-naphthaienesulfonamide. or pharmaceutically acceptable salts thereof 
including its trifluoroacetate (1:1) salt: 

[1 S[2R*(3S*)lhN-[2-[2-[[[[1 -(amlnoiminomethylh3-piperidinyl]carbonyl]aniino]methylh1 -pynrolidinyl> 
1-(hydroxymethyl)-2-oxoethyl]-2-naphthalenesulfonamide, or pharmaceutically acceptable salts thereof 
including its trifluoroacetate (1:1) salt; 

[S-(R*.R")hN-[2-t2-[[[7-[(aminoirninornethyl)aminol-lK>xoheptyl]amino]nriethylh1 
(hydroxymethyf>-2-oxoethyl}-2-naphthalenesulfonamtde, or pharmaceutically acceptable salts thereof 
including its trifluoroacetate (1:1) salt; 

[1 S[2R*(3R")]]-N-[2-[2-[[[[1 -aminoiminomethyl)-3-piperidiny l]carbony!]amino]methylh1 -pyrrolidinyl]- 

1- (hydroxymethyl)-2-oxoethylh2-naphthaIenesulfonamide, or phannaceutically acceptable salts thereof 
Including Its trifluoroacetate (1:1) salt. 

17. The compound as defined in Claim 1 which is 

[S-(R*,R*)H-(aminomethyl)-N-[[1 -[3-hydroxy-2-[(2-naphthalenylsuIfonyl)aminoH -oxopropylh2- 
pyrrolidinyl]methyl]ben2amide. or salts thereof including the trifluoroacetate (1 :1 ) salt; 

[lS(2R*,3R^hN-[2-[[[(1-(aminoiminomethyl)-3-piperidinyl]carbonyl]amino]methyl]-1-pyrrolidinyl]-1- 
(hydroxymethyl)-2-oxoethyllna-toluenesulfonamide or salts thereof; 

[1 S(2R^3R')^N-[2-[[[[1 -(aminoiminomethyl)-3-piperidinyllcarbonyl]amino]methylh1 -py^^^^ 
(carbomethoxymethyl)-2-oxoethyl-a-toluenesulfonamide or salts thereof; 

[1 S(2R',3R*)]-N-[2-[[[[1 -(aminoiminomethyl)-3-piF)eridinyl]carbonyl]amlno]methyl]-l -pyrrolidinyl]-1 - 
(carboxamidomethyI)-2-oxoethyl]-a-toluenesulfonamide or salts thereof; 

S-(R*,R*)h3-(aminomethyl)-N-[[1-[3-hydroxy-2-[(2-napthalenylsulfonyl)aminoh1-oxopropyl]-2- 
pyrrolidinyllmethyllbenzamide. or salts thereof including its trifluoroacetate (1:1) salt; 

S-(R*.R")}-4-(aminomethyl)-N-[[1-[3-hydroxy-2-[(2-napthalenylsulfonyl)amlno]-1-oxopropyl]-2- 
pyrrolidinyl]methyl]ben2eneacetamide. or salts thereof including its trifluoroacetate (1:1) salt; 

[S-(R*,R*)h3-(aminomethyl)-N-[[1-[3-hydroxy-2-[(2-napthalenylsulfonyl)amino]-1-oxopropyl]-2- 
pyrrolidinyl]methyl]ben2eneacetamide. or salts thereof including its trifluoroacetate (1:1) salt 

[3S-[3R*,3(R*,R*)]h1 -(minoiminomethy l)-N-[[l -[2-[(2-napthalenylsuIfonyl)amino}-1 -oxopropyl]-2- 
pyrrolidinyl]methyl]-3-piperidinecarboxamide, or salts thereof including its trifluoroacetate (2:3) salt; 

I3S-[3R-.3(R".R")]]-1 -(aminoim!nomethyl)-N-[[1 -[3-hydroxy-2-[[(4-methylphenyl)suifonyl]amino]-1 - 
oxopropyl]-2-pyrrolidinyl]methyl]-3-piperidine-carboxamide, or salts thereof including its trifluoroacetate 
(1:1) salt; 

[3S-[3R*,3(R*,R*)]}-1 -(aminoiminomethy 1)-N-[[1 -[3-hydroxy-2-[[carbobenzy loxy]amino]-1 -oxopropyl]- 

2- pyrrolidinyl]methy!>3-piperidine-carboxamide.or salts thereof including its trifluoroacetate (1:1) salt; 

[1 S[2(R*,S*)]]-N-[2-[[[[1 -(aminoiminomethyl)-4-piperidinyl]carbonyl]amino]methyll-1 -piperidinyll-1 - 
(hydroxymethyl}-2-oxoethyl]-2-naphthalenesulfonamide. or salts thereof including its trifluoroacetate salt; 

[S-(R*.R*)]-3-[(aminoiminomethyl)amino]-N-[I1-[3-hydroxy-2-[[2-naphthalenesulfonyl]amino]-1- 
oxopropyl]-2-pyrrolidinyl]methyl]propionamide. or salts thereof including its trifluoroacetate salt; 

[1 S[2(R*.S*),(3R*)]hN-[2-[[[[1 -(aminoiminomethyl)-3-piperidinyl]carbonyl]amino]methyl]-l - 
piperidinyl}-l-(hydroxymethyl)-2-oxoethyI]-2-naphthalenesulfonamide, or salts thereof including its 
trifluoroacetate salt; 

[1 S[2R^]-N-[2-[[[[1 -(aminoiminomethyl)-3-phenyl]cartx)nyl]amino]methyl}-1 -pyrrolidinyl]-1 - 
(hydroxymethyl)-2-oxoethyl]-2-naphthalenesulfonamide, or salts thereof including its trifluoroacete salt; 

[1 S[2Rni-N-[2-[[[[1 -(aminoiminomethyl)-cis-5-methyl-3-piperidinyl]carbonyl]amino]methyl]-1 - 
pyrrolidinyl]-1-(hydroxymethyl)-2-oxoethyl]-2-naphthalenesulfonamide, or salts thereof including its 
trifluoroacetate salt; 

[1 S[2RnhN-[2-([[[1 -(aminoiminomethyl)-trans-5-methyl-3-piperidinyI]carbony l]amino]methyl]-1 - 
pyrrolidinyl]-1 -(hydroxymethyl)-2-oxoethy 11-2-naphthalenesulfonamide, or salts thereof including its 
trifluoroacetate salt; 

[lS(2R*.3R",4R")>N-[2-[[[[1-(aminoiminomethyl)-3-piperidlnyl]carbonyl]amino]methyl]-1-pyrrolidinyl]- 
1-(1-hydroxyethyl)-2-oxoethyl]-2-naphthalenesuIfonamide, or salts thereof including its trifluoroacetate 
salt; 

[1 S(2R*,3S*,4R*)]-N-[2-[[[1 -(aminoiminomethyl)-3-piperidinyl]carbonyl]amino]methyl]-1 -pyrrolidinyl]- 
1-(1-hydroxyethyl)-2-oxoethyl]-2-naphthalenesulfonamide, or salts thereof including its trifluoroacetate 
salt; 

[R-(S*.R")]-N-[2-[2-[[[[1-(aminoiminomethyl)-4-piperidinyl]carbonyl]amino]methyl]-1-pyrroIidinyl]-1- 
(phenylmethyl)-2-oxoethyI]methanesulfonamide, or salts thereof including its trifluoroacetate salt; 
[S-(R*,R*)]-N-[2-[[[[1-(aminoiminomethyl)-3-piperidinyl]c3irbonyl]amino]methyl-1-pynrolidinyl}-2- 
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where X is CHa, O, S. NH or CH = CH; p is 0, 1 or 2; 

m = 0. 1.2. 3or4if X = CHa orCH = CH; 

m = 2.3 or 4 if X = O. S, NH; and 

Yi . Y2 are Independently H. alkyi, halo or keto: or 

Ri is -(CH2)p-A"-R2". -(CHa)p-C6-A".R2". or -(CH2)p-S02-A"-R2". 
wherein R^'is guanidine, amidine or aminomethyl, and A" is aryl or cycloalkyi; 

R3 and R* are independently hydrogen, lower alkyl. cycloalkyi. aryl. hydroxy, alkoxy. keto. thiok tal. 
thioalkyl. thioaryl. amino or alkylamino; or and R* together with the cart>ons to which they are 
attached form a cycloalkyi. aryl or heteroaryl ring; 

R5 is hydrogen, hydroxyalkyl. aminoalkyl. alkyI, cycloalkyi. aryl. arylalkyl. alkenyl. alkynyl. amidoal- 
kyl. arylalkoxyalkyi or an amino acid side chain, either protected or unprotected; and 

R^ is hydrogen. 

O 

" 7 

-S02R^ or -C02R^ (wherein R^ is lower alky I. aryl or cycloheteroalkyi); 
including pharmaceutically acceptable salts thereof. 

2. The compound as defined in Claim 1 wherein R^ is -A-R2. 

3. The compound as defined in Claim 1 wherein R' is 

O 

" 2 



4. The compound as defined in Claim 1 wherein R^ is -SO2-A-R2. 

5. The compound as defined in Claim 1 wherein R^ is -(CH2)p-A'-R^*. 

6. The compound as defined in Claim 1 wherein R^ is 

-(CH2>p-CA'R^' 

II 

o 



7. The compound as defined in Claim 1 wherein R^ is -(CH2)p-SQ2A'R2. 
a The compound as defined in Claim 1 wherein R^ is -(CH2)p-A"-R^". 

9. The compound as defined in Claim 1 wherein R^ is -(CH2)p-CO-A"-R^'. 

10. The compound as defined in Claim 1 wherein R^ Is -{CH2)p-S02-A"-R2". 
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11. The compound as defined in Claim 1 wherein n is O. 

12. The compound as defined in Claim 1 wherein is 2-naphthylsulfonyl, H, benzyloxycarbonyl, t- 
butoxycarbonyl or methylsulfonyl. 

13. The compound as defined in Claim 1 wherein is guanidine or amino. 

14. The compound as defined in Claim 1 wherein n is O, is 2-naphthylsuIfonyl. H, methylsulfonyl, 
benzyloxycarbonyl or t-butoxycarbonyl, is arylaikyi, hydroxyalkyl or benzyloxyalkyi, is H, R* is H 
and R^ is 



c=o csso cs=so 




15. The compound as defined in Claim 1 having the structure 




16- The compound as defined in Claim 1 which is [S-(R*,R*)h4-Kamlnoiminomethyl)amino]-N-[[1-[3- 
hydroxy-2-[(2-naphthalenylsulfonyl)aminoh1-oxopropylh2-pyrroljdinyl]methyl]butanamide, or pharma- 
ceutically acceptabi salts thereof including its trifluoroacetate (1 :1) salt 

[R-(R\S0>[2-[2-[[[4-[(aminoiminomethyl)amino]butyl]aminolmethyl]-1-pynrolidinyll-2-oxo-1- 
(phenylmethyl)ethyl]carbamlc acid, phenylmethyl ester, or pharmaceutically acc ptable salts th r of 
including its trifluoroacetate (1;2) salt; 

(2S)-N-[4-[[[1-(D-phenylalanyl)-2-pyrrolidinyl]methyllaminolbutyl]guanidine. or pharmaceutically ac- 
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